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Advance Report of Committee 4—Rail

Report on Assignment 5

Rail Research and Development

W. J. Cruse (chairman, subcommittee), B. G. Anderson, R. M. Brown, E. T. Fran-
zen, R. E. Gorsuch, R. E. Haacke, V. E. Hall, W. H. Huffman, T. B.

Hutcheson, K. H. Kannowski, W. S. Lovelace, A. B. Merritt, Jr., C. O.
Penney, F. W. Potter, I. A. Reiner, W. A. Smith.

Your committee presents its report on Assignment 5 in two parts, both as

information.

Part 1, AAR Research and Test Department Report No. R-120, immediate])

following, presents a background study of rail design, chemical composition and

heat-treatment of rail, and the manufacturing and rolling of rail—reviewing prob-

lem areas as such. A discussion of rail defects and the background and techniques

of rail defect detection are also presented.

Part 2, AAR Research and Test Department Report No. R-121 (see page 39),

is a summary of heat-treated and alloy rail sen ice test installations on curves with

shelly histories on the former Great Northern Railway, now part of Burlington,

Northern, Inc. These installations were inspected in August and September 1972.

PART 1

RAIL RESEARCH—PROBLEM DEFINITION*

Foreword

Rail is an integral and important part of the whole track system as are the ties,

fasteners, plates, ballast and subgrade. However, rail can be considered to be a

complex system in its own right. The elements of this system are comprised of the

possible variations in design, chemistry, processing and use which sometimes present

conflicting requirements on the rail. As a result, simple solutions to particular

problems are not easily found. The effects of changes in individual elements of

the system must be evaluated in terms of the effect on the overall system. Research

work covered by this report attempts to identify and characterize the major ele-

ments of this system such as rail design (height, head, web and fillet, etc.), chem-

ical composition, manufacturing processes, wear resistance, defects and fracture

properties. Major problem areas will be defined and possible solutions to some of

these will be suggested. All such solutions should be considered within the context

of the overall system problem.

Summary

This report presents a background study of rail design, the chemical composi-

tion and heat treatment of rail steel, the manufacturing and rolling of rail steel

and the use of continuous welded rail. Problem areas of each are reviewed. A dis-

cussion of the defects associated with rail, and the background and techniques of

rail defect (flaw) detection is also presented.

"Association of American Railroads, Research and Test Department Report No. R-120.

1
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The history and development of the design of rail is depicted with emphasis

on how design changes came about as needs for greater strength and stiffness devel-

oped, as a result of service failures and as problems of existing designs were

recognized.

The chemical composition of rail steel has undergone a number of changes as

to the percentages of various constituents, such as carbon, manganese, and silicon.

Other elements such as chromium, vanadium, molybdenum, titanium, columbium,

and aluminum, have been added in various amounts in an effort to produce a

tougher and stronger rail steel that would better resist abrasion, deformation, and

the development of various types of defects. These problems have increased in

recent years due to the upward trend in wheel loads, train speeds, and locomotive

horsepower.

Full heat treatment (oil quenched and tempered) and several manners of

surface hardening of conventional-analysis steel rails have been developed and

employed in an attempt to retard the development of service problems that are

common under adverse loading conditions.

The manufacturing of rail steel and the rolling of rail are described, emphasiz-

ing the problem areas that were encountered and how various changes in produc-

tion methods and the adaptation of new technologies have helped. Modern-day

processes and other advancements in steel-making technology are briefly discussed

as to their potential in the search for the best suitable rail steel.

The history and techniques of rail flaw detection are discussed, and a descrip-

tion of the possible origins of detected defects is presented. It is shown that they

may have their origin in an inherent or adverse mill or manufacturing condition,

be strictly a service development, or come from a combination of both.

The use of continuous welded rail has increased yearly, and even though many

advantages to its use have dictated this popularity, several problem areas have

developed and are providing impetus for further research and development to solve

such problems. Imperfect welding, both in the plant and in track, behavior of the

rail due to thermal variations, reaction under dynamic train loads, and the condi-

tion of the rail ends for welding are some problem areas that are demanding

attention.

The major unresolved joint-area problems, for both bolted and welded

joints, the plastic deformation of rail and its major result: shelling, and the

appropriate selection of rail by size and type of section, based upon service require-

ments, are discussed.

Conclusions and recommendations are presented relative to these subjects as

well as a recommendation for reviewing present mill practices, as pertaining to all

phases of rail production, in conjunction with a further evaluation of new processes

and other recent advancements in steelmaking technology.

Acknowledgements

The author wishes to express sincere appreciation to W. E. Fuhr and R. G.

Simmons of the Chicago, Milwaukee, St. Paul & Pacific Railroad, the late L. J.

Deno of the Chicago & North Western Transportation Company, V. E. Hall and

B. D. Sorrells of the Atchison, Topeka & Santa Fe Railway, K. H. Kannowski of

the Illinois Central Gulf Railroad, M. J. Wisnowski of the AAR, G. G. Knupp,

R. B. Stampfle and R. J. Henry of Bethlehem Steel Corporation, C. W. Grater of

United States Steel Corporation, J. R. Zadra, G. Boedecker and F. O. Johnson of



Rail Research and Development

CF&I Steel Corporation, and W. H. Chidley of the American Iron and Steel Insti-

tute for their valuable advice and assistance which played a large part in the com-

piling of material contained in the original draft of this report.

Appreciation is also hereby acknowledged for the time and efforts rendered

by A. B. Hillman of the Belt Railway Company of Chicago, R. A. Kelso of the

Southern Railway System, T. B. Hutcheson of the Seaboard Coast Line Railroad,

E. T. Franzen of the Missouri Pacific Railroad, H. M. Williamson of the Southern

Pacific Transportation Company, G. M. Magee, Consultant, W. H. Chidley and

members of the Technical Committee on Rail and Accessories of the American

Iron and Steel Institute, and G. G. Knupp of Bethlehem Steel Corporation for

their review and constructive comments on the original draft of this report.

Introduction

An increase in bolted rail joint area problems and service and detected failures

in rail as well as continued detrimental plastic deformation and abrasion of rail,

is leading to costly inspection, maintenance and replacement problems. All of these

must be examined in the light of the fact that increasingly heavy wheel loadings

are being applied to rail and trackwork under circumstances of limited capital for

maintenance of railroad properties.

Since 1960, observations of service and detected rail failures have resulted

in statistics that indicate an increasing trend in rail failures. This can be interpreted

to mean that problems exist with rail that need attention and study. A program

has been initiated by the Association of American Railroads Research and Test

Department to determine and define the problems associated with rail. The pur-

pose of the program is to collect and analyze facts regarding the national and inter-

national experience on rail behavior, in order to focus attention on the major

unresolved problems in rail. This is to establish a basis for the formulation of a

comprehensive research program that can lead to improved rail performance.

To accomplish this, discussions have been held with railroad engineering and

maintenance men, rail producers, steel research personnel and others familiar with

the usage, manufacture and problems of rail.

Rail-making facilities were visted to better understand the history and com-

plexities of the production of rail. A comprehensive literature and file search has

been conducted to obtain background information about earlier efforts to resolve

rail problems and the "state of the art" as it pertains to all aspects of rail tech-

nology, including engineering design, manufacture, metallurgy and applications.

The major unresolved problems that have emerged as a result of this research

effort appear to be the following:

1. Joint area problems:

(a) Web defects in bolted rail joints.

(b) Rail end straightness, metallurgical imperfections inherent in rail,

and welding techniques in welded rail joints.

2. Plastic deformation of the rail head, causing shelling under service con-

ditions.

3. Rail defects and premature removal of rail from track.

4. Appropriate selection of rail by section (weight) and kind (standard,

alloy, heat-treated) based upon service requirements.
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Background Study of Rail Problems—
Rail Design

History

The first running surfaces for early railroad rolling stock consisted of strap rails

comprised of cast-iron plates approximately 4 in. by 1/4 in. by 5 ft long, which were

attached to a wooden base.
8 The first strap rails were used around 1767. Various

types of cast and malleable iron rails were used until 1820 when the first iron rails

were rolled. These were supported by cast-iron holders, called chairs, attached to

stone supports. In an effort to eliminate the use of the expensive chair required

for this type of iron rail, a rail with a wide and relatively heavy flange on the bot-

tom was rolled in 1831. Between the 1830's and 1858, various shapes were devel-

oped and rolled, but none seemed to prove serviceable, and a demand for more

metal in the head for wear forced a final return in 1858-1868 to the T shape

(Stevens) with a wide thin flange. From that time to the present, the rail section,

as we know it, developed in design and weight.

Several principles have governed rail design. Rail should have adequate bending

strength, provide a head or running surface which will resist wear for the longest

practicable life, present a wide base for lateral stability and adequate bearing

surface and, for the sake of economy, provide a proper balance between weight

(cost) and stiffness (stability for maintenance of the track structure).

The American T-rail has best met all of these requirements and represents an

acceptable design. "It is of girder-like shape resulting from its use, manner of fas-

tening and economic considerations." 11 The head, which is deep and narrow, has

the top or running surface of such contour as to conform to that of the average

worn wheel tread running upon it. The base is broad enough to give the rail stable

support on the tie plates or ties and with enough flange to facilitate being gripped

by spikes or other hold-down devices. The web is of such design and contains

enough material so as to support the wheel loads and provide rigidity without being

wasteful of material. Important details such as service-induced stresses in the upper

web and head fillet areas and the fishing or contact areas for joint bars, have

governed the final design of section.

"Rail design has not followed the rational methods usually found in the design

of most engineering structures. This is due primarily to the many indeterminate

factors which affect dynamic loading—nosing of locomotive and car wheels, condi-

tion of maintenance, materials and general elastic properties of the track struc-

ture."
41 Changes in rail design have usually occurred as the result of failures or

problem areas in existing designs. In the United States, the continual increase in

axle loadings and train speeds have led to continuing rail design changes particu-

larly with respect to the size and weight per yard. This took place from the early

1900's to about 1946 and 1947 when the heaviest sections of 140 lb and 155 lb

per yard were rolled. Since 1947 tire following designs have been developed: the

so-called "torsion-resisting" sections—112 TR and 129 TR—by the Chicago, Bur-

lington & Quincy Railroad; the 106 CF&I, the 119 CF&I, and 136 CF&I (now
RE) by the CF&I Steel Corporation; the 136 NYC by The New York Central Rail-

road; and the 122 CB by the Chesapeake & Ohio Railway—Baltimore and Ohio
Railroad.

The same basic T-rail section is found in use in all countries, and a design

evolution has occurred in Europe,37, 40,
Russia,

30 and Japan35, w that is similar to the
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one in this country. In European countries/ the equivalent to 90, 100 and 110 lb/yd

sections are being used. At the present time, the heaviest British
4" rail is of 109

lb/yd section. The German40 basic sections range from 100 lb/yd to 130 lb/yd.

In Japan33
the largest section, until 1966, was equivalent to 100 lb/yd. The Japanese

then adopted die 60-kg rail, which is approximately equal to the CF&I 119 lb/yd

section. The largest Russian 4 "'

rail is approximately 151 lb/yd.

Evolution of Rail Designs

Rail Height

Increasing the weight of a rail increases the moment of inertia or "stiffness"

of the section, and this accounts for the higher rail weights in use today. Modern

wheel loadings and train speeds have dictated the use of a much higher capacity

type of structural member offering stiffer support to provide for economical main-

tenance of line and surface. Although an increase in the section weight results in

greater stiffness, additional stiffness can also be obtained by increasing the section's

moment of inertia by means of an increase in the height of the rail.
41 An economy

of metal can then be achieved by adjusting the shape of the cross section to give

a maximum height of rail. The 131-lb, 132-Ib and 133-lb sections exemplify designs

of increased stiffness that resulted from a redesign of the 130-lb rail section, and

which involved only nominal weight increases. The height was increased from

6X in. (for the 130-lb rail) to Vk in. for the 131-lb and 132-lb rail and 7 1/16 in.

for the 133-lb rail. The solution to the problem of how to increase stiffness and

beam strength was accomplished economically by means of a redesign of the sec-

tion, which resulted in greater rail height, and not merely an addition of more

metal and, therefore, weight.

Head Design

Early rail of the T-rail design had a rolled "top-of-the-head" contour which

was flatter with rather sharp, small-radii gage corners. This head contour prevailed

in the United States until the late 1940's, and in European countries as late as

1954 and 1955. 4" n The problem of plastic flow of the rail head metal towards the

gage corner of the rail and the resultant shelling of the rail led to studies being

made in this country, starting in 1942, to help solve this problem. Many sectional

contours of rail in track were taken by the AAR's Engineering Division research

staff, and it was found from these contours that the effect of wheel wear was to

create a uniform contour with a common pattern regardless of the initial contour

to which the rail was rolled.
1 " The wear pattern tended towards a more rounded

profile with a larger radius in the gage corner. This wear contour pattern initially

cold-worked the metal in the gage corner of the rail which resulted in metal flow

and the formation of a lip on the gage side. Since this cold-working resulted in

plastic flow and the creation of undesirable stresses in the gage corner location

where shelly cracks develop, it seemed logical that the shelling problem could be

reduced if the rail was initially rolled to a contour that reduced this cold-working

to a minimum. Subsequent rail head designs of the 115-lb, 132-lb and 140-lb sec-

tions adopted this worn-rail contour concept, as shown by the rail head contour

on the right in Figure 1. This resulted in an improved contact area between new-

rail and the wheels.



Bulletin 644—American Railway Engineering Association

112-lb. R.E.
Original Head

Contour

115-lb. R.E.
Modified Head

Contour

Figure 1

Web and Fillet Design

The problem of upper fillet area and web cracks was recognized with concern

when it developed with the 112-lb and 131-lb sections after several years of service

life in track. The problem was studied by the Engineering Division of the AAR in

1944 and 1945. Experimental measurements of the web and fillet stresses
4 indicated

that maximum stresses were occurring near the bottom of the head and web fillet, and

that the maximum stresses varied inversely as the radius of the fillet curvature. The

wheel load is distributed into the web area of the rail as an average compressive

stress, but the eccentricities of loading from the varying contact position of differ-

ent wheels create a range in stress from high to low compression, of even a low

tension in some instances.

High localized stresses of over 60,000 psi in compression in the upper web
and fillet areas occur when the wheels bear eccentrically on the head, as is fre-

quently the case. This occurs particularly on rail in curves, or where improper cant

of the rail is present. The results of the study brought about a subsequent increase

in the thickness of the upper web by increasing the fillet radii from % in. to % in.

This was incorporated in the redesign of the 112-lb and 131-lb sections and led

to the adoption of the 115-lb and 132-lb sections in 1946. In the 115-lb rail design,

the measured maximum localized stresses for the same conditions of loading were

found to be 26 percent less than for the 112-lb rail section, because of the cor-

rective measures taken in the upper web and fillet areas.*
1 This web and fillet area
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redesign also presented a considerable advantage in the requisite mill rolling tech-

niques since it resulted in a more favorable stress distribution within the rail cross

section. A similar fillet design has also been incorporated in the German S64 rail.
40

Location of Bolt Holes

The frequency of web failures within the joint bar area and especially through

the bolt hole nearest the rail end presented a problem of increasing magnitude

during the 1940's and the adoption of the new rail sections in 1946 necessitated

improvements in hole spacing for the new rail sections. In 1947, a study of the

effects of bolt hole spacing on rail web stresses was conducted. 11
It was concluded

that a wider spacing between the bolt holes and rail ends reduces the maximum
tensile stresses and possibility of fatigue failure. As a result, recommendations were

made and adopted that the spacing for bolt holes at the rail ends be changed from

2M in.-6/2 in.-6/2 in. to 3/2 in.-6 in.-6 in. for six-hole joints, and from 2/2 in.-6/2 in. to

3M in.-6 in. for four-hole joints. Progressive reductions in this type of rail failure

in rail with the new bolt-hole spacing have been recorded since that time.8

Chemical Composition and Manufacture

Composition

The chemical composition of rail steel conforms to the latest "Standard

Specifications for Carbon Steel Rails" as listed in ASTM Designation A-l, and the

"Specifications for Steel Rails" as listed in the current American Railway Engineer-

ing Association Manual for Railway Engineering. These two specifications are iden-

tical, except that the ASTM specification, compared to the AREA specification,

omits the sulphur content and allows 0.02 percent less silicon at the upper limits.

The following table lists the current AREA specifications, and shows percentage or

percentage range of the various constituents as a function of nominal rail section

weight.

AREA Specifications

Nominal Weight of Rail Section (Pounds per Yard)

W/80 SI ',)() 91/120 121 & Over

Constituent

Carbon
Manganese
Phosphorus, Max.
Sulphur, Max
Silicon

Percentage of Constitiu nl

0.5&-0.68
0.60-0.90
0.04
0.05
0.10-0.25

0.04-0.77
0.60-0.90
0.04
0.05
0.10-0.25

. 67-0 . 80
0.70-1.00
0.04
0.05
0.10-0.25

. 69-0 . 82
0.70-1.00
0.04
0.05
0.10-0.25

The chemical composition of rail steel has been changed many times, involving

various percentages of the constituents shown in the table, particularly with respect

to the carbon, manganese and silicon contents, which were changed in an effort

to resolve the problems of shelling experienced with rail in service. Many heats of

rail steel were made with progressively increasing amounts of manganese and silicon,
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and other luats were made with special added elements, such as vanadium,

chromium, columbium (niobium) and/oi titanium. Varying amounts of carbon were

also tried in combination with these other elements. This was an effort to produce

a tougher and stronger Steel which would resist plastic deformation and head flow

and retard the development of shelling. Some success was achieved in retarding

the development of shells in rail with a concurrent increase in rail life. However,

shelling still occurred.15

Another effort in this direction was the heat-treating of rail. This also had

the desired effect of strengthening the rail to resist shelling, and increased the time

span two to three times before shelling occurred.
12 In addition to heat-treating the

full cross section of the rail, much work has been done in the heat-treating or

hardening only the top and sides of the rail head. This has been accomplished by

flame or induction hardening techniques.

As far as the present-day chemical composition of rail steel is concerned, two

types of rail steel are being used in an effort to combat the early development of

shelling, these being "high-silicon" and "intermediate manganese" rail steel. Where
the specified percentage of silicon in carbon-steel rail ranges from 0.10 to 0.25

percent, the corresponding range in high-silicon rail is from 0.50 to 1.00 percent.

The intermediate manganese rail has a percentage of manganese of about 1.30 to

1.60 percent with a corresponding reduction in carbon, compared to that in carbon-

steel rails of 0.70 to 1.00 percent.

Manufacture

Since about 1900, rail mills have undergone many changes, because of eco-

nomic trends, steel-making technological progress and the increasing requirements

of the railroads with respect to quality of the steel, size of the rail section, length

of rail, freedom from internal and surface defects, dimensional exactness and a vari-

able demand regarding quantity. At the end of 1957, there were nine mills in the

United States and Canada which were producing railroad rails. In 1958, the Car-

negie mill of U. S. Steel Corporation and the Inland Steel Company mill discon-

tinued rail production, and today there are five mills in the United States and two
mills in Canada that remain as the rail producers.

Railroad rail today can be rolled from steel made by any of the following proc-

esses: open hearth, basic oxygen, or electric furnace. The molten metallic product

of the batch refinement of raw materials such as ore, limestone, coke and scrap

metal, pig iron, or hot metal from the blast furnace charged into an open-hearth,

basic oxygen or electric furnace is referred to as a heat of steel. At the proper

time, the molten steel or heat is tapped from the furnace into a large refractory-

lined ladle, from which it is teemed into ingot molds. The rail-steel ingots, from
which any of the many sections are rolled, are generally in the range of 24 in. by
35 in. in cross section, some being square and others rectangular. The overall

heights to which the molten steel is poured into the ingot molds will vary with the

different sections (weight per yard) of rail to be rolled, but in most cases will be
about 6 to VA ft. The weight of the ingot will range from 5 to 10 tons. The size

and weight of the ingot depends chiefly upon the rail-per-ingot ratio most practical

for the particular mill processing the ingot, and each heat of steel produces from
15 to 40 ingots.

Rail steel has been, and continues to be, produced in the United States and
Canada by the open-top, big-end-down ingot practice, as illustrated in Figure 2.

The specified silicon content varies from 0.10 to 0.25 percent, which classifies it
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ingot. The "A" rail is rolled and cut from the top portion of the A-B bloom which

in turn is sheared from the top portion of the ingot.

The gradual contraction of the steel as it cools and solidifies facilitates the

stripping or removing of the molds from the ingots. Immediately following the

stripping operation the ingots are moved, while still hot, to the soaking pits. During

the stripping and transfer operations, the surfaces of the ingots cool appreciably,

even though their interiors may still be above the rolling temperature. Therefore,

the ingots must be "soaked" or held in special pits at a given controlled temperature

for a considerable length of time (a minimum of 6 hours at one mill) until the

temperature throughout the ingot is uniform and at the proper value for rolling

operations. This can range from 2300 to 2400 F.

After the proper soaking period, the ingot moves to the blooming mill where

the first rolling, reduction in cross section and forming operation, takes place in

the making of the rail. This operation is one of two types depending upon the mill:

a series of about 20 reversing passes, or a continuous series of about 4 passes through

slow-speed rolls. Here the blooms can also be cut to the proper length and con-

tinue on to the rail mill for roughing or reducing, or they can be cut and reheated

before going on to the rail mill, depending upon the mill and its operation. If the

bloom is over-heated during the reheating operation and then rolled while too hot,

hot-torn steel defects may result, which later may develop into defects similar to

transverse fissures after the rail is in service. This reheating process is another

potential problem area in present rail manufacturing procedures.

Finished rail will have received up to 11 additional passes in the overall reduc-

tion process from the bloom. These rolling, shaping and reshaping processes tend

to close internal cavities and reduce the severity of any segregation that is present.

The final grain size of the rail steel is determined by its temperature at the time

when the final pass is made.

The finishing mill rolls the mill brand on the web of each rail. Each brand

identifies the weight and section, control-cooling, name of the plant, and the year

and month rolled. After rolling, the rails are hot-sawed to length. The cut-off ends

are designed to be used in the drop test and the nick-and-break test of the rail

being produced. The drop test is done to check the impact resistance of the steel,

and is a required test in the AREA and ASTM specifications. It is conducted on

4- to 6-ft specimens cut from the top rail ("A" rail) from one of the first three,

one of the middle three, and one of the last three ingots of each heat. To check

the interior condition of the rail, a test specimen from the top end of the top rail

of each ingot of each heat rolled, which passed the drop test, is nicked and broken.

This is a quality control check for internal seams, check for laminations, cavities,

interposed foreign matter and grain structure.

Before passing on to the hot beds for cooling, the rails are hot stamped on the

side opposite the brand side, showing the heat number, rail location (designated

by letter) as rolled from that ingot, and the ingot number teemed from that heat.

They are then cambered by passing through the cambering rolls, which bow the

rails into a slight arc, with the rail head on the convex side. This is to offset the

differential in contractions among the unequal masses of metal contained in the

head, web and base areas as the rails cool.

On the hot beds, the rails are allowed to cool (and become straight from the

camber) until they reach a temperature between 725 and 1000 F. The rails (unless

produced from vacuum-degassed steel) are then charged immediately into large
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insulated containers, each widi a capacity of 100 to 120 tons, and the container is

covered. This is the control-cooling process, in which the rails remain in this environ-

ment for a minimum of 10 hours. The temperature of the box is constantly recorded

and die rails remain until the top layer of rails has reached 300 F or lower. The
control-cooling process is not required for rails produced from vacuum-degassed
steel.

After control-cooling, the rails are sent to die finishing department where they

are straightened, the ends and edges are ground free of burrs from the rail saws,

bolt holes are drilled (if the rail is to be bolted and not butt welded) and die

ends of the rails are end-hardened, if so specified by the purchaser. Then die rails

are moved to an inspection area where they are inspected for surface imperfections

in the base, flanges and head by inspectors who walk the rails. In addition,

straightness, squareness of ends, quality of bolt hole drilling, type of section and
length of each rail is checked. End straightness checking is of particular importance

when the rail ends are blank and die rail is subsequently to be butt welded.

Widi the advent of continuous welded rail, the rail producers have been the

target of criticism regarding rail straightness, particularly near the ends of the rail.

All present methods employed to straighten rail require that it be bent beyond its

elastic limit. The gag press, which is the device customarily employed to straighten

rail, is limited in its effectiveness at the ends of die rail. The gag press method
cannot assure the end straightness now desired for rails to be butt-welded, and this

limitation has been progressively more emphasized in recent years.

An extra inspection operation was observed recently at one mill; it involves

an effort to solve the problem of pipe in rail which has a detrimental effect in butt

welding processes, as mentioned earlier in the section on the manufacture of rail.

This inspection operation uses an ultrasonic device to test along the web areas of

all "A" rails to detect internal pipe conditions. If pipe is found in an "A" rail,

the rail is cut back to the point where the ultrasonic defect indication is eliminated,

or the entire rail is rejected. When an indication of pipe is found in an "A" rail,

the adjacent "B" rail is also subsequently checked.

Rail Defects

Rail defects can be categorized according to their location in the rail and their

origin. The categories by location include various internal defects in the head, web
and base areas of the rail and surface defects that occur mainly on the head and
web of the rail. The point of origin of a rail defect can come from the mill and the

manufacturing process, can result from die service conditions that the rail is

subjected to in track, or a combination of both.

Transverse Defects in the Rail Head

This general classification is used when die defect is detected in a rail in track.

If the rail is already broken, or is broken at the time the rail is removed from track,

the defect can be inspected and identified more accurately as one of five types:

1. Transverse Fissure—a progressive transverse fracture starting from a center

or nucleus inside die head of the rail. This nucleus is a mill defect, and
its origin is an imperfection in the steel, such as a shatter crack, a minute
inclusion, blow hole or a hot tear. Contact stresses from the wheels and
partially reversed bending stresses start the growth of a transverse separa-

tion around the imperfection. Since the advent of control-cooling of rail
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at the mill and the consistent production of rails free of shatter cracks,

this cause of transverse fissures has been virtually eliminated. Most of the

transverse fissures occurring in rails produced during the last decade

have developed from inclusions and hot-torn steel.

2. Compound Fissure—a progressive fracture in the head of the rail that

generally starts as a horizontal separation which then turns up or down,

or in both directions, to form a transverse separation substantially at right

angles to the running surface. The origin is usually a horizontal separa-

tion from a longitudinally-oriented segregation, or inclusion. These are

mill defects.

3. Detail Fracture from Shelling—a progressive fracture starting from a longi-

tudinal separation close to the running surface on the gage side of the

head of the rail, which then turns downward to form a separation trans-

verse to the running surface. This is a service defect and is caused from

shelling of the rail head. It is generally believed to be due to severe

heavy loadings and over-stressing of the metal just beneath the gage

corner and running surfaces of the rail.
12"16

'

20, 23, 20 This fracture generally

starts as an internal separation and progresses outwardly. Shelling which

is a progressive horizontal separation that may crack out on the gage side

of the head of the rail, and create a potentially dangerous detail fracture

is of the most concern. The problem has become serious enough that rail

shelling can be considered to be the prime cause for the removal of

control-cooled rails from track before the expiration of their service life.

The expected service life, for example, of 140-lb rail on a 4-deg curve

with 12 million gross tons of railroad traffic per year would be approxi-

mately 15 years.
44 Revisions in the design of rail, particularly in the head

section utilizing a greater radius of curvature at the gage corner, the heat-

treating of standard carbon steel rails and the rolling of alloy steels with

greater hardness and toughness to give more resistance to shell-producing

forces have been considered and tried with some degree of success. How-
ever, the problem is as yet not solved. Shelling thus remains one of the

unresolved problems of rail.

4. Detail Fracture from Head Checking of the Rail at the Gage Corner of

the Head. This is caused by concentrated loading forces which cold works
the steel, starts on the surface and progresses inwardly and results in a

fracture like that from shelling.

5. Engine Burn Fracture—a progressive fracture emanating from spots where
engine wheels have slipped and caused a localized metallurgical trans-

formation of the surface metal. Fractures from the affected area(s) may
develop in any plane in the rail head. In recent years the techniques for

the welding repairs of engine burns have greatly improved, such that a

very small percentage of reported rail defects occur in these areas.

Longitudinal Defects in the Rail Head

A longitudinal defect is any progressive fracture which involves only some
type of longitudinal separation. These defects in die rail head, which may be
classified as internal defects of mill origin, are identified as horizontal split heads
or vertical split heads.

A horizontal split head originates from an internal longitudinal seam, segrega-

tion or inclusion, and progresses under service conditions in a longitudinal direction
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and horizontal plane parallel to the running surface. Service loads can start a trans-

verse separation, in which case the defect would then be classified as a compound

fissure.

The vertical split head has die same originating factors, and differs only in the

fact that the fracture or separation spreads vertically through the head at or near

the middle of the head of the rail.

Web Defects

A web defect is any fracture occurring in the web area of the rail. Web defects

can be identified as head and web separations, split webs, piped rail, and bolt hole

cracks. Some web defects originate from mill defects, and others from service

conditions.

A head and web separation is a progressive fracture longitudinally separating

the head and web of the rail at the fillet under the head. The origin is usually

service connected.

As examples, the stresses resulting from applied loads, working in conjunction

with corrosive environmental conditions, such as those found in tunnels, at crossings

and other paved track areas ( stations, etc. ) can cause a large reduction in the

fatigue strengtii of the rail steel. Excessive train speeds, high lateral loadings of the

rail head, particularly on curves, or improper canting of the rail can result in eccen-

tric rail head loadings, which overstress the steel in the head-web fillet areas. As

mentioned in the "Rail Design" section of this report, this was a very prevalent

type of defect in the earlier rail designs, and the studies and subsequent redesign

of the 115-lb and heavier rail sections helped to solve this problem by increasing

the fillet area and strengthening the rail.

The split web is a progressive fracture through the web area that can develop

in a longitudinal or transverse direction, or both. The origin can be a seam in the

web, or a point of external physical damage, such as a cut or nick. Split webs have

sometimes developed at the locations where the mill stamped the heat numbers into

the web.

Piped rail is a longitudinal fracture in the web area involving a vertical separa-

tion or seam which opens up into a cavity, particularly under severe traffic condi-

tions. The original seam does not generally grow either vertically or longitudinally

but heavy loads may eventually cause it to spread or open up in a transverse

direction. These pipes may cause little or no trouble under normal traffic conditions,

but its presence when butt welding rails has caused this defect to be of great con-

cern.
31 The seam will open up when subjected to pressure butt welding, and numer-

ous welds have failed in service, or have had to be rejected and done over. This

causes great extra expense in the constantly increasing demand for butt-welded rail.

Piped rail is a mill defect and is usually found in the "top-of-the-ingot" or "A"

rails, as mentioned earlier in this report.

Joint area web defects are progressive fractures in the web area of the rail

at or near the rail end, and are generally associated with conditions resulting from

bolted joints. There are two types of defects included in this classification: the bolt

hole crack and the head and web separation.

A bolt hole defect is a progressive fracture which originates at a bolt hole and

progresses away from the hole, usually at an angle or along a path other than a

perpendicular or longitudinal line.
11 A bolt hole crack is usually the result of unusual

stresses along the edge of the hole from the bolt itself. These stresses may be
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caused by pressure from the holts, improper drilling, excessively-worn joint bars,

or abnormal rail end contact The focal points of bolt hole cracks may be at stress

contact points between the rail and the bolt, which cold-works the rail steel, or at

a burr or other stress raiser on the edge of the hole left by the drilling operation.

The growth of bolt hole defects is erratic when compared with the somewhat

predictable development of transverse defects in the rail head. Bolt hole cracks

frequently rupture from a very small defect when the rail end is subjected to stresses

of an unusual nature. Such stresses are created when the rail contracts in cold

weather, and extreme contact pressures can occur between the bolts and the rail in

the joints, particularly when combined with the impacts of passing wheels striking

the rail end. Bolt hole defects may result from mill defects or service conditions.

The head and web separation at the rail end or joint area is similar to those

in the body of the rail, and has the same causes and origins. However, the eccentric

loading of the rail head in the joint area and the over-stressing of the fillet area

caused by passing wheel loads may result in fatigue breakdowns at these relatively

weak points in the rail ends. This type of head and web separation is a service

defect.

Other than the redesign of die fillet area in the newer rail sections, the AREA
specification change which involved respacing of the bolt holes was the main con-

tributing factor to die reduction in this category of rail failures since the late

1940's.
11

Basically, the rail failure statistics show that the newest of rail designs (those

since 1946) are die rails with the lowest failure rates. The accumulated failures

per 100 track mile years (for 10 years of rollings) show "Old Sections" (1938-

1947) as 3.34, "All Sections" (1959-1968) as 1.28 and "New Sections" (1959-

1968) as 0.65.
3 Another practice that is helping to overcome both of these defects

in the joint area is the butt welding of rail into continuous welded strings, which

eliminates most of the rail joints. However, there remain many joints in track where

the rail has not been replaced with continuous welded rail. Also, there are some bolted

joints remaining in welded rail track at insulated joints, at the joining of welded

strings (these are now being replaced with field thermite welds) and at switches

and crossings. Use of the newer types of insulated joints and joint bolts is being

researched at the present time to try to solve the problems that still remain. An
important consideration is proper track maintenance, particularly at the joints, so

that adequate support is maintained at the weakest point in the track and rail

structure.

Base Defects

A broken base is a progressive fracture in the base of the rail involving a

vertical separation or split. Sometimes called "half-moon" breaks, they can originate

from areas of improper bearing on the tie plates, or from a seam, segregation or

inclusion in the steel. A base fracture is a progressive fracture which develops from

a stress raiser at the edge of the base of rail created by a nick or blow. Both defects

can originate as a mill or service defect.

Fracture Properties in Relation to Defects

During 1971 approximately 185,600 rail defects were detected by flaw detec-

tions cars (see following section). During the same period, service failures or

breaks were blamed for less than 800 derailments. From these figures, it becomes
obvious that current flaw detection methods are screening out the vast majority
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of flaws before they can cause serious trouble. The big unanswered question is,

however, "how many of the detected flaws could have remained in service with no

degradation of safety?"

The present state of knowledge about internal flaws does not permit a rational

answer to this question, nor to tire corollary question, "when is a flaw a potential

failure?" Better understanding of the fracture properties of rail and possibly refined

means of detecting and interpreting flaw indications are required for the answers.

Trend of Rail Failures from Defects

The number of service and detected rail failures that occur during the first

five years of service in track has been considered to be a good criterion of mill

performance and the quality of the rail as manufactured. Figure 3 shows these

failures as reported for the rollings from 1908 through 1964. 3 The reported failures

are obtained from those railroads that are responsible for approximately 90 percent

of the main-track mileage of all Class I Railroads. Because of the fact that rail

failures are not reported by all railroads and there is some lack of uniformity in

reporting, no definite conclusions, absolute comparisons and precise failure rates

can be derived from the available failure data. However, trends can be examined,

and in Figure 3 a trend is depicted that shows progressively better rail quality and

mill performance.

The large decrease in failures in the rollings from 1908 to 1914 occurred

during the change-over from Bessemer to open-hearth production; the further

decrease to 1937 reflects improvements in mill practice and probably includes the

increase in rail size. After 1937, the benefits from control-cooling and, since 1948,

the improved design incorporated in the new rail sections have been reflected in

the decrease in failures.

A slight increasing trend can be noted from the 1955 low, accentuated some-

what starting in 1963. Indications are that this is continuing in the rollings from

1964 to 1968, inclusive, as related by the reported failures in these years. From

these reportings and failure data, the suggestion is that, although the five-year
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failure rate is still at a relatively low level, a review of mill practices, consideration

of recent innovations in rail manufacture, and a study of the effects of increased

wheel loadings would be desirable in an endeavor to reverse this trend.
3

Changes in transportation practices, such as the revision of lines from double

track to single track centralized traffic control operation, the higher gross-ton-miles

over prior lighter tonnage lines due to changing traffic patterns, and the higher

total tonnage traversing fewer track miles have taken place at a more rapid pace

than corresponding changes to strengthen the track structure in general, and the rail

in particular.

A revision of reporting formats, and a more concerned and accurate reporting

of existing rail defect data are needed to accomplish a meaningful rail research

program.

Rail Flaw Detection

History

One of the greatest single factors in the problem of the maintenance of railroad

rights-of-way is the prevention of service failures of rail in track. In the early days

of railroading there were many causes of rail failures, and there are some remaining

causes of failures today. The early iron strap rail frequently broke loose from its

wooden stringers and curled up in "snakeheads" which tore through die wooden
floors of the old cars. Cast iron rails crystallized and cracked under the strain of

severe climatic changes or sudden shock loads. Bessemer steel rail also showed a

tendency toward brittleness in cold weather. 01

The transverse fissure attracted attention as an unusual type of rail failure.

In 1912 the railroads in this country requested the U.S. Bureau of Standards to

undertake a thorough investigation of die prevalence and cause of transverse

fissures and to aid in the development of a method of inspection which would
accurately locate and measure the size of such hidden defects in rail. In 1915, the

Bureau began a series of experiments culminating in die development of magnetic
testing equipment. The principle of its apparatus was sound in theory and success-

ful in laboratory tests. In actual tests on track, however, it was found that the

equipment was unable to differentiate between actual defects in die rails and the

localized strains caused by slipping locomotive wheels, surface irregularities, cold-

working by car wheels, etc.
81

In the early 1920's, Dr. Elmer A. Sperry started to develop and build an
inspection car that would detect the presence of transverse fissures in the rails

while traveling along the track.
31 His work was noted by W. C. Barnes, who was

appointed engineer of tests of the Rail Committee of die American Railway Engi-
neering Association in 1925, and in 1926 Mr. Barnes reported to the committee
about the method of detection developed by Dr. Sperry. Funds were allocated by
the American Railway Association upon the recommendation of the AREA Rail

Committee, and in 1927 Dr. Sperry contracted with the ARA to develop and build
a rail flaw detector car. The car was accepted by the American Railway Association
in November 1928. This car utilized the induction method of testing. The induction
principle, greatly perfected and refined, is still the basic principle of Sperry Detector
Cars.31 The Sperry Rail Service was organized in 1928.

In 1927, H. W. Keevil came to the ARA (later to become the Association of
American Railroads) to assist Mr. Barnes in the final development of, and to operate
the detector car of Dr. Sperry. Between 1933 and 1935, Messrs. Barnes and Keevil
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developed the AAR's residual magnetic system of rail flaw detection. It has also

been perfected and refined over the years and is the principle used in the rail flaw

detection equipment designed and built by the Association of American Railroads.

The first AAR rail flaw detection car was built and put in use in 1936.

The use of ultrasonics, for rail flaw detection, was introduced in this country

in 1949. Ultrasonic equipment for the detection of defects in the rail head was

first added to some detector cars in 1960, and ultrasonic equipment for the detec-

tion of bolt hole and web defects was added in 1961."' The ultrasonic rail Haw

detection concept has been improved and refined in recent years to the extent that

it can be considered to be a reliable and valuable tool in modern rail flaw detection

technology.

Rail Flaw Detection Methods

Induction Method

In the induction method for detecting flaws or defects in the rail, a heavy

low-voltage direct electric current (DC) of 2500 to 5000 amps is passed through

the rail between two contacts, which are 2 to 3 ft apart, setting up an active

magnetic field around the rail. A pair of induction searching coils are suspended

at a constant distance above (but not in contact with) the running surface of the

rail to detect any deflection or variation in the magnetic field caused by fissures or

defects within the rail. When these coils pass into the changing magnetic field

around the defect, a current is induced within the coils. This current, when ampli-

fied, actuates a series of pens on a chart recorder, thus giving a visual indication

of the presence of a defect. This induction method of rail flaw detection is the

basic method used by the Sperry Rail Service detector cars.

Residual Magnetic Method

In the residual magnetic method the rail is magnetized longitudinally by a

large D-C electromagnet passing along the rail and held at a fixed distance (i.e.,

regulated airgap) above the running surface of the rail. Each rail becomes mag-

netized and acts like a bar magnet, with each end being of opposite magnetic

polarity. Each rail remains residually magnetized after the electromagnet has passed,

and defects present in the rail create a small local field which has a polarity

opposite to that of the rail itself. In this method of rail flaw detection, the pick-up

or search coils, which are made to pass through the residual rail field, generate

small voltage signals when they pass through and sense the local magnetic reversal

associated with defects in the rail. This voltage, when amplified, actuates a series

of pens in a chart recorder. This also gives a visual indication, as well as a per-

manent record, of the presence of defects. The residual magnetic method of rail

flaw detection is the basic method employed on privately owned and operated rail

detector cars as developed and built by the Association of American Railroads.

Ultrasonic Method

The two basic methods employed in the ultrasonic inspection of rail for flaw

detection involve the introduction of periodic pulses of high frequency (i.e., ultra-

sonic ) sound energy into the rail, and ( 1 ) measurements of the attenuation or

complete loss of the sound energy (which is normally reflected back to a transducer

in the absence of any internal defects), due to the presence of internal defects, and

(2) measurements of any sound energy reflected back to the transducer, due to

the presence of internal defects. In order to attenuate or reflect the ultrasonic
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inspection beam, an internal defect, or some portion thereof, must possess an

appropriate geometrical orientation with respect to the ultrasonic beam.

In most applications of ultrasonic methods to rail testing, one or more piezoelec-

tric transducers (used as ultrasonic transmitters and/or receivers), suitably supported

and geometrically oriented with respect to the top of the rail head, are allowed to

move longitudinally along the rail at some appropriate inspection velocity. Changes

in the normal signal patterns, or the sudden appearance of unusual signal patterns

are noted visually, graphically, and/or electronically when they occur, and are inter-

preted as being indicative of die presence of specific types and orientations of

internal rail defects.

The most widely used acoustic coupling medium between the rail and the

transducer^ s) or transducer housing(s) is water, although oil is a better material

for this purpose.

Depending upon the testing methods employed, ultrasonic transducers are

designed to introduce sound energy into the rail head at various angles as measured

from the perpendicular to the longitudinal plane of the rail head. A "zero degree"

crystal introduces a signal vertically downwards into the rail head. Odier crystals,

known as "angle crystals," introduce signals at predetermined angles with respect

to the perpendicular, such as 35, 45 or 70 degrees. It has been found experimentally

diat 70-degree-angle crystals produce ultrasonic beams that propagate only through

the head area of rails, whereas 35- and 45-degree-angle crystals produce ultrasonic

beams that propagate ( at an angle ) through the head area down into the web
and base areas.

Angle beam transducers, when used individually, or in multiple, and widi the

proper angular orientations witii respect to the rail head, have been used to detect

a variety of internal rail discontinuities and defects. These include bolt holes, bolt

hole cracks, transverse defects, head and web separations, vertical and horizontal

split heads, and, in general, any cracks of the proper dimensions and geometrical

orientations located between the top of the rail head and the central area at the

bottom of the rail base.

In general, rail flaw detection is accomplished by detector car units employing

one of the three methods described, a combination of the induction and ultrasonic

methods or a combination of die residual magnetic and ultrasonic methods. As of

December 1971 there were a total of 52 such units in existence. During 1971, these

units tested approximately 303,800 miles of track in the United States, Canada
and Mexico. Sperry Rail Service detector cars ( 19 units ) tested approximately

168,800 track miles, and accounted for 127,615 defective rails being found during

1971. Railroad-owned detector cars (33 units) tested approximately 135,000 track

miles, and accounted for some 58,000 defective rails being found during 1971.

Continuous Welded Rau,

The rail joint is one of the structurally weakest and most costly component
of the track structure. Most rail wear occurs at the joint, and as discussed earlier,

several types of rail defects can occur in the joint area. The joint area is the cause

of many subsequent track and joint problems, such as worn joint bars and excessive

fishing spaces, increased tie wear, loosened ballast, pumping joints, and possible

general deterioration in line and level of the track. A lot has been done and much
progress made in improving the rail joint by remedial measures, such as improving
the design and manufacture of joint bars, respacing the bolt holes, and hardening
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the rail ends. However, much more progress in solving joint area problems has

been made since the early 1930's, and since the years 1959 and 1960 in particular,

with the introduction and development of continuous welded rail. The use of con-

tinuous welded rail eliminates the joints entirely.

As reported in the AREA Proceedings, Vol. 72, 1971, by the Continuous Welded
Rail Committee, over 1000 track miles of continuous welded rail were laid in this

country in 1959, and the amount laid per year since then has increased rather

steadily. Over 3500 miles were laid in 1969, and well over 6000 miles were laid

in 1970. The total reported track miles of continuous welded rail laid in this coun-

try from 1933 through 1970 is 31,921 miles. It is estimated that of all the rail

produced by the mills in the United States and Canada today, 75 percent is for

continuous welded rail production.

The advantages of continuous welded rail include a longer rail life, due to the

elimination of joint wear and batter, savings in general track maintenance costs,

easier, quieter riding, reduced wear and tear on locomotives and cars, and better

track circuit conductivity, due to the elimination of rail end bonding. 41

The disadvantages of continuous welded rail include the problems involved in

renewing broken and defective rails and the difficulty of handling, transporting,

laying and relaying die long welded strings. These have been gradually overcome

by improved techniques that were developed by experience. Some problems and

disadvantages still exist, however, in both the finished track structure and die process

of welding the rails.

The constraint of welded rail strings from excessive expansion and contraction

due to thermal variations, the movement under moving train loads and the resultant

tendency towards buckling or lateral movement of the track structure are under

much study. Also under study are improved types of insulated joints that must

remain in the rail for track signal circuits. Although modern practice is to field weld

the original welded rail strings and eliminate the regular joints in the track, the

insulated joints must remain.

Another problem area involves the rail welding process. Three welding proc-

esses are now in common use: electric flash pressure butt welding, oxyacetylene

pressure butt welding, and thermite welding. The first two processes are used in

the plant production welding of rails prior to their transportation as long, welded

strings to be laid in track. The thermite process is used mainly in the field for

in-track construction and repairs. Two problems have been of concern: one is die

actual welding process, in which improper or careless practices have resulted in

service failures; die other is the condition of the rail ends where the welds are made.

Improvements in welding plants, plant welding processes and field welding

processes and practices are being made. Optimum welding techniques have been

studied and recommended by the producers, individual railroads and the Continuous

Welded Rail Committee of the AREA to correct problems in the welding processes.
4"

The proper training and supervision of manpower is important in solving problems

in this area.

The problem of the rail end condition is in need of further attention by bodi

the rail producers and the railroads. Although it is recognized that it is more diffi-

cult to make some welds with "A" rails, these rails are being welded by railroads,

and defective welds are resulting because of undesirable internal conditions prevalent

in these rails.

A relatively new process, called "strand casting" is being introduced by one
mill to make rail. This process, which eliminates the step involving the teeming
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of the molten steel Into ingots prior to the rolling process, looks favorable for elimi-

nating internal pipe conditions. If successful, all the rails thus produced could be

utilized for butt welding, if so desired. The process involving hot-topped ingots in

the production of rail steel, as mentioned earlier in this report, is also capable of

controlling undesirable internal pipe conditions.

The end straightness of rail has not been, and is not now, of critical concern

when the rail is installed in conventional jointed track. Rail end straightness is,

however, critical in butt welding processes. The "gag" straightening method em-

ployed for straightening rail during the finishing process at the mills does not ensure

proper end straightness of the rail as specified. To help solve this problem in the

continuous welding of rail, some further means or methods of straightening rail

ends will need investigating. Roller straightening has been the prevailing method

used in European, German and Russian mills, and lends itself to the improved

straightening of the rail body. It does not, however, solve the problem of insufficient

straightness at the rail ends.

Discussion

Shelling of Rail

In a review of the latest report of rail failures, as published by die Rail Com-
mittee of the American Railway Engineering Association,3 the predominant types

of failures in rail continue to be the following: "Compound Fissures" and "Detail

Fractures," which represent 17 percent of the total failures per 100 track miles,

"Other Head" which represents 25 percent, and "Web-in-Joint" which represents

28 percent. The compound fissures and detail fracture failures result from plastic

deformation in the rail head, of which shelling is one type, as previously mentioned.

Although the 17 percent category of the total reported failures is not the largest

category, it is representative of a single cause which is predominately shelling.

Discussions with, and comments from, railroad engineering and maintenance people

confirm that the railroads are still experiencing shelly rail problems, and much
concern is expressed relative to this situation involving the continued development

of shells in rail. Much study and work has been conducted here and in foreign

countries in past decades as to the cause and remedies of shelling, but the problem

still prevails, and it is concluded that "Shell spots, their causes and remedies" is a

prime subject for further rail research.

The past study and work on this subject in this country was reported by the

Rail Committee of the AREA under its work subject: "Causes of Shelly Spots and

Head Checks in Rail; Methods for Their Prevention." The first report on this subject

appeared in 1943 in the AREA Proceedings, and it referred to the prior work
done at the University of Illinois on fissures in railroad rails. The earlier work was
carried out by Research Professor H. F. Moore, and information on shelly rails was
included in the progress report shown in Vol. 43 of the AREA Proceedings. Pro-

fessor R. E. Cramer was then selected to carry on the work on shelly spots and
head checks at the University of Illinois. The Committee was to follow the progress

of railroad field tests of rails on various roads, and the Engineering Division research

staff of the Association of American Railroads was to conduct work on rail design

and bearing pressures on rail. The University of Illinois was to study rail failures

and defects, and conduct rolling-load tests on rails of new design, various com-
positions and heat treatments.
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The work of these groups and others continued, and was reported on in the

annual AREA Proceedings. The cradle-type rolling-load machine was developed
at the University of Illinois laboratories,

1 " in which the gage corner loading of tire

rail could be tested, and this type of test machine is still in use for this purpose.
The modified head contours of the heavier rail sections, as mentioned earlier in this

report, as a means of deterring shelling, were resulting in extended rail life.
10 Re-

ports on shelly rail tests in the rolling-load machines of rails having different

chemistries and the addition of alloy elements, such as 3 percent chromium,11

high-silicon,
13 chrome-vanadium,17 and the high-silicon chrome-vanadium18

steel rails

showed fair results. Correlations with field tests of the same rails installed in track

showed an almost doubled rail life and resistance to shelling, as compared to stand-

ard carbon rails. The heat treatment of standard carbon steel rails
12

likewise gave
extended rail life results in the laboratory. In one field test the life of fully heat-

treated rail was more than five times that of prior standard carbon steel rails installed

at the same 6-deg curve location in track.
19

In a summary of the test work done
prior to 1954, Professor R. E. Cramer stated,

15 "The cause of shelling in service

appears to be that the present wheel loads are too heavy for the small area of

contact between the wheel and rail, so that as a result of die flow of steel, internal

stresses are produced that exceed the capacity of the steel to withstand such

stresses." He also stated that "stronger rail steels, such as high-silicon, intermediate-

manganese and chrome-vanadium alloy rails, or heat treated rails should give longer

life before shelling develops in service." These statements were borne out in studies

by others, such as at Battelle Memorial Institute by G. K. Manning,12 and W. S. Hyler

and J. H. Grove,"' 1S and by Professor M. M. Frocht of the Illinois Institute of

Technology in his three dimensional photoelastic investigations in 1952 and 1953.16
-
18

Similar investigations of stresses in rail and the shelling of rail have also been

conducted in foreign countries. The Japanese have concluded that shelling is caused

by inclusions and segregation in the steel, and is related to the quality of the steel

in the rail.
27 Studies in the Soviet Railway Research Institute correlate with those

of die Japanese in that lateral thrust on a rail helps to produce shelling.
27 The ORE

in its studies of Behavior of the Steel at Point of Rail/Wheel Contact, Question

C53,23
referred to the work done at the University of Ilinois.

23
Its reports were

similar and were based on stress studies using the Hertzian distribution theory and

formula by Thomas and Hoersch of the University of Illinois.
20

It also did work

utilizing the three dimensional photoelastic method to indicate values of the stress

gradient in rail.
21 The ORE, in Question D71, 37

reported on related stress analysis

work, involving not only the rail, but the entire track and roadbed structure. The

rail stress analysis
38 was similar to the work done in this country by the AAR on

the design of our heavier rail sections.* ORE concludes, from strain measurements

on an S54 rail, that flexural tensile stresses occur at the lower edge of the rail under

vertical load; and under an eccentric and horizontal (curve negotiation) force,

the bending stresses at the outer edge of the rail head and rail foot are possibly

doubled on small-radius curves. Three-dimensional measurements made in the inner

zone of the rail head confirm that the greatest shearing stresses occur at a depth

of 5 mm, and the effects of wheel diameter were more important than rail support

distance or their elasticity.

Eisenmann reported on the shear stress distribution in the rail head, assuming

a contact surface of rectangular shape, as in the case of a plane and cylinder. His
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findings correlate with experiments carried out by the Technical University in

Munich, at the Institute of Railways and Road Construction, and at the research

laboratories of various German steel plants, which indicate that permissible shear

stresses are exceeded."

Most of this previous work, which iias correlated with the criteria for the stress

distribution in metals resulting from the small area contact of two bodies, has helped

to partially explain how and why shells form in railroad rail. These studies are also

related to the many studies in the same general problem area relative to pitting,

spalling and shelling in bearings and bearing metals. A report on additional work

involving election microprobe analysis of the internal steel structure of bearing

metal and rail steel by R. J. Henry of The Homer Research Laboratory of Bethle-

hem Steel Corporation"1 discusses a so-called "white etching" region that outlines

these subsurface shells and associated cracks. He shows that the white etching regions

result from local plastic strains and deformation in the steel that are created during

in-track service. Further bearing steel studies reveal that inclusions in the steeP

and point-surface-origin tangential forces and/or gross sliding cause most of the

fatigue failures under contact stress conditions.
28

This tangential force and sliding effect of the contact points of wheel and rail

were further explained in the study by Martin and Hay on the influence of wheel-

rail contact forces on the formation of rail shells.
33

Another area of study of the formation of shelling in rail has been concerned

with the wheel-rail relationship and the location of the contact point between the

wheel and the rail. It has been shown by many rolling-load and rolling contact

tests at the University of Illinois and the AAR Research Center laboratories that

shelling will occur when this contact point is at, or near, the gage corner of the

head of the rail. A study at the Denver Research Institute for the CF&I Steel

Corporation, using the photo-elastic process, was conducted to evaluate the effects

of increasing the rail cant on curves to reduce the stress concentration at the corner

of the rail head. The study showed, and field installations are confirming, that when
the rail cant is increased, the contact point of the wheel is more centered on the

ball of the rail, stresses are subsequently reduced and shelling tends to be reduced.34

All investigators are in general agreement that shell cracks are caused primarily

by the heavy bearing pressures of the car wheel on a small contact area on the

running surface of the rail head near the gage corner. These pressures produce

internal shearing stresses and plastic flow that exceeds the capacity of the rail steel

to withstand such stresses. Investigations and studies up to the present time have
resulted in some remedial measures that have been effective in deterring the de-

velopment of shelling in rail, but not in stopping it.

Straightness of Rail

Rail straightness, particularly at the ends of 39-ft rails, has become a problem
in recent years, due mainly to the greatly increasing production and use of continu-

ous welded rail. The Continuous Welded Rail Committee, in its latest report in the

AREA Proceedings, Volume 72, 1971, shows that in 1969 a total of 3,604.36 track

miles of continuous welded rail was laid in the United States and Canada, and
almost double that amount, a total of 6,178.62 track miles, was laid in 1970'. This

indicates a significant increase in the use of continuous welded rail in preference

to jointed rail track. This has certainly magnified the problem of rail straightness
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in connection with the welding process, whereas this problem was not of much
concern with jointed rail.

Plant welding tolerances are critical, and in many instances the ends of the rail

to be welded are just within the end straightness specification of 0.030 in. vertical

or horizontal misalignment in the end 4 ft. As a result, kinked or out-of-line welds

are sometimes produced that must be cut out and the rail rewelded, or the finished

continuous-welded rail "gag" straightened, both vertically and horizontally. Both of

these remedial measures are time-consuming and expensive, and are adding extra

cost to the welding process. Along with the rail straightness problem in the welding

of rail, is die problem of mis-match of rail ends due to variations in the rail cross

section (head width and rail height). Present specifications permit variations in the

height of the rail of 1/64 in. less or 1/32 in. greater than the specified height of

the rail section being rolled. There are no corresponding tolerance specifications

governing the width of the head. It has been alleged that the rail head width and
height of the same rail section will vary to these extremes when matching the ends

for the welding of rails from the same mill (produced at different times) or from
different mills.

The Proper Usage of Rail

It can be assumed from the trend in reported rail failures and the types of

failures, as reported by the AREA Rail Committee3 and discussed earlier in this

report, that the maintenance of track and the use and maintenance of rail have not

kept pace with the demands of modern-day railroad operations, utilizing heavier

equipment and involving changing traffic and tonnage patterns. Much has been
done to investigate the influence of changes in rail chemistry and the heat-treating

of rail to try to solve the problem of rail shelling. Past studies have also resulted

in design changes in the rail section and the size of the rail to try to combat shelling

problems and to increase the rail life with the increased tonnages and speeds of

trains. However, no particular recommendations or guidelines have resulted from
these economic studies. Some railroads have made their own evaluations of rail size

and type for particular troublesome locations, and others have benefited from the

results and recommendations of the many other studies conducted for the industry

by installing and using some of the seemingly beneficial new rails. A lack of proper

economic evaluation, however, has persisted on many roads, probably due to the

lack of guidelines on a uniform set of recommendations pertaining to the proper

usage of rail by section (weight) and kind (standard, alloy, heat-treated), based

upon given location and traffic conditions.

Web Defects in the Joint Bar Area

Web defects in the joint bar area are a substantial problem and accounted for

28 percent of the total rail failures per 100 track miles reported in the rail failure

statistics for the year 1969. As discussed earlier in this report, the great majority

of this type of failure is occurring in the older and smaller rail sections (such as

90-lb, 100-lb and 112-lb rail), prior to the change in section design and bolt hole

spacing introduced in 1947. As these rails are replaced with the newer, larger rail

sections and as the bolted rail joint is replaced by the welded joint, this classifica-

tion of rail failure and rail problem will diminish.

The greatest factor in overcoming this problem is the use of continuous welded

rail, which is increasing yearly. As of December 31, 1970, there were 206,400 miles
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of railroad lines in the United States, a figure which represents the aggregate length

oi roadway of all line-haul railroads. Of this mileage, 15.5 percent is continuous

welded rail. Based upon the same amount of continuous welded rail that was laid

in 1970 (6,200 track miles) for each of the coming years, and using a projected

figure of approximately 1,000 track miles for the annual reduction in total mileage

(which has been the trend since 1960), 47 percent of total line-haul mileage in

1980 and 78 percent of total line-haul mileage in 1990 will be continuous welded

rail. With the increasing utilization of continuous welded rail since 1965 and the

large annual increase (1970 figures were almost double those of 1969), it can be

anticipated that these projected percentages may be low.

Even with this trend, the problems of failures in the rail joint area will be

prevalent for some time to come, and further study is indicated, particularly with

reference to bolt hole defects. An investigation was made in 1953 at the AAR
Research Center and reported by the Rail Committee in Volume 56, 1955, of the

AREA Proceedings relative to the stress raisers that have caused rail failures origi-

nating at bolt holes. Fatigue tests were conducted in a Sonntag Universal Fatigue

Testing Machine on rail web specimens containing bolt holes. Each specimen was

tested in a completely reversed flexure which produced maximum tension and com-

pression stresses on each surface of the web. The study concluded that the effect

of drill gouges, burrs and rail brand (raised letters) had a very pronounced effect

on the fatigue strength of the web of the rail. The tests showed that a bolt hole

drilled with a dull drill through a rail brand reduced the fatigue life of the rail by

50 percent. Tests also indicated that machining the drilled hole by reaming, cham-

fering or peening could correct the defects. It is evident from the joint area failures

that are continuing to be experienced, that a renewed effort must be directed

towards investigating and correcting manufacturing plant and railroad field rail

drilling processes.

Changes in Steelmaking Technology

Several modern processes and advancements in steelmaking technology are

being used in the production of rail steel.

One of these is the continuous strand caster which molds steel slabs or billets

directly from liquid metal. The steel is poured from the bottom of the ladle into

a tundish—a special reservoir for the molten steel located on top of the casting

machine. The steel flows from the tundish into a water-cooled mold, passes down
through a roller and cooling chamber, like red-hot strips of taffy, and finally emerges

as cast slabs or shapes. The continuous castings are cut into blooms and then go on

to the rolling mill for rolling into rail. This process eliminates the use of ingots, and

therefore, gives promise of eliminating pipe and segregation conditions, which cause

other problems in rails, as has been discussed.

Another development in steelmaking technology that is used in rail steel

manufacture involves vacuum degassing. In this process, the molten steel is fed

from the ladle into a heated vacuum chamber where the vacuum draws undesirable

gases, such as hydrogen, from the molten steel, thus improving its metallurgical

properties. This process reduces the hydrogen level that may cause shatter cracks

and lead eventually to transverse fissures in the rail. Vacuum-degassing accom-

plishes essentially the same objective that control-cooling does, and therefore may
eventually eliminate the control-cooling process in rail making which has been one

important factor in the length of rail that is produced.
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When the first iron rails were rolled in the United States, their lengths were

15 ft, and by 1855 the first 30-ft rails were rolled. It was many years before any
general demand for 30-ft rails was experienced, and it was 44 years before any
increase was made in the standard rail length, that being to 33 ft in 1899. After

1925 a further increase took place in the length to 39 ft, which has remained the

standard ever since. The restricting influences on rail length in the United States

have been mill layouts and the capacity of the gondola cars used for rail transport.

The control-cooling process utilizes boxes or containers that accommodate the 39-ft

lengths of rail. Therefore, if control-cooling of rail can be eliminated, if rail can

be shipped on newer design longer cars and if the cooling beds in the rail mills can

be adjusted to handle longer rails, the manufacture and transport of longer lengths

of rail could become a real possibility. The longer rail lengths would not only

reduce die number of rail joints in bolted rail construction but woud also eliminate

some of the welding processes or procedures now employed for continuous welded
rail production.

Conclusions and Recommendations

It is well established that present-day wheel loads and the manner in which
these loads are transmitted to the roadbed are highly detrimental to the rail. Much
work, therefore, needs to be done in the track-train dynamics areas that relate to

rail problems.

The major problems in rail that have emerged from this review of historical

and technical data, and which warrant immediate research consideration, appear

to be the following:

1. Joint area problems:

(a) Web defects in bolted rail joints.

(b) Rail end straightness, metallurgical imperfections inherent in rail,

and welding techniques in welded rail joints.

2. Plastic deformation of the rail head, causing shelling under service con-

ditions.

3. Rail defects and premature removal of rail from track.

4. Appropriate selection of rail by section (weight) and kind (standard,

alloy, heat-treated), based upon service requirements.

What appears to be, or has been, the No. 1 problem, the bolted joint area, is

slowly being alleviated through the transition to welded joints. However, much
remains to be done relative io bolted joints, and the butt welding of rails of the

type historically produced in accordance with the AREA specifications for steel

rails for bolted joint application has not been without its special problems. The
inherent internal characteristics of the steel in certain rails so produced may lead

to unsound welds, and the degree of straightness attainable through "gag" straight-

ening leaves something to be desired, particularly at the rail ends.

A critical review of the rail drilling procedure at the mills and in the field

on the railroads should be made. The AREA specifications for drilling in rails

should be reviewed and perhaps supplemented to cover finishing or machining the

drilled hole by reaming, chamfering, or peening. A possible new and efficient

method of eliminating burrs, gouges and brand stress raisers might be derived from

a research endeavor on this subject.

Semi-permanent mechanical bonded joints utilizing special joint bars, glue

and fastenings may provide a degree of joint problem relief.
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The straightness of rail for butt welding, particularly at the ends, could pos-

sibly be assisted through major changes at the mills from gag to roller-type

straightening, and in cropping practices. If the possibility exists for longer length

rails from the mills, then roller straightening could be a must.

Improvement in the inherent characteristics of the normal rail steel that might

influence failure nucleation in service, or soundness of certain butt welds, should

be promoted to the extent economically justified. Vacuum-degassing and/or con-

tinuous casting of rail steel appear worthy of further consideration.

The increase in plastic deformation and related service failures is a function

of overload (static plus dynamic) as applied through the wheel/rail contact surfaces.

Numerous studies have been made, and rail samples have been tested in labora-

tories, and in the field, in search for a deterrent to this form of rail destruction.

All investigators are in general agreement that the problems are primarily caused

by heavy bearing pressures that exceed the capacity of the rail steel, causing it to

be worked beyond its elastic limit or yield strength. Fatigue-type failure develop-

ment is to be expected under such conditions.

The past work and studies relative to finding solutions to flow and deformation

problems, and more specifically to shelling, one of the major manifestations of the

overload problem, have essentially produced changes in rail head design, changes
in chemical composition of the rail steel and the addition of alloying elements, the

heat-treating of rail, and to some extent, the increased canting of the high rail in

curved track.

Rail head and wheel tread contours and their interaction appears to be an
area in which possible benefits may be derived from further study. Wheel loads on

the rail should be fully evaluated.

Use of high-silicon and intermediate-manganese steel rails has helped to deter

the incidence of shelling and wear in curved track on some railroads. These and
other chemistry types of rails that emerged from past studies are probably not the

final answer, and a renewed effort in rail chemistry research could possibly produce
desirable results.

The characteristics in rail required to resist abrasion (curve wear) would be
enhanced by, and go hand in hand with, further work and studies of plastic

deformation and shelling.

A comprehensive analysis and study of all types of rail defects and failures

would be most helpful in guiding the efforts recommended in the foregoing, and
evaluating the results of any developments. While each defect and rail failure is

basically a service-induced development, a significant percentage is believed to

center in metallurgical imperfections inherent in the type of steel normally produced
for rails. It is generally accepted that the standard rail steel is normally loaded in

excess of its capacity, and the fines of weakness inherent in the steel become more
critical.

In this most important respect, a study of defect propagation is needed to

evaluate the fracture properties and critical flaw size of present and proposed rail

steels. Such a program would have as its purpose and objective, the study of rail

steels with variables of chemical composition and processing methods calculated
to give better strength and ductility, improve wear resistance and reducing flaw
propagation and catastrophic failure.

Modern developments in the discipline known as fracture mechanics could
provide a method for this evaluation. Fracture mechanics involves analysis of cer-
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tain critical properties of the material and geometrical properties of a flaw to deter-

mine the point at which progressive fracture will start, and the rate at which a

crack or fracture will propagate. The basic concept is that of a "critical crack

length" which is a function of applied stress, material properties and crack geom-

etry. Reliable data on these factors would permit adjusting inspection cycles and

frequency to minimize the number of times rail must be inspected, determining

cutoff levels for inspection system sensitivity, and determining the type and size

of flaw which constitutes a dangerous condition.

Rail flaw detection methods, particularly with the use of ultrasonics, should

continue to be developed and expanded in the light of possible new flaw detection

technology-

. Studies of rail flaw detection systems should be initiated in conjunction

with and coordinate with studies of defect propagation in present and proposed

rail steels.

A need exists for rail usage criteria or recommendations that will assist the

railroad managements in evaluating their present track and rail structure system,

and adjusting it accordingly to keep pace with the demands of present-day and

future railroad operations, utilizing heavier equipment and changing traffic and

tonnage patterns. This should encompass the proper usage of rail by section and

kind based upon location and traffic conditions. Proper usage of rails will have a

decided effect upon the extension of rail life.
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Illinois under Professor Cramer involving stress-relieving heat treatments.

15. American Railway Engineering Association. "Causes of Shelly Spots and
Head Checks in Rail; Methods for Their Prevention, Report of Committee 4

—

Rail," Proceedings, Volume 55, (1954), pp. 828-897.

A summary report of shelly rail tests, by Professor R. E. Cramer, at the

University of Illinois. His conclusions were as follows:

1. Stress-relieving of specimens at either 800 or 1000 F during laboratory

rolling-load tests did not appreciably increase the life of the rails.

2. Rolling-load tests of commercially flame-hardened rails gave test results

about 50 percent above the average for standard carbon steel rails.

3. Rolling-load tests of high-silicon steel rails gave test results almost double

the average values for standard carbon steel rails.

4. An electric furnace steel rail (60 lb) with the following European chem-
istry (compared with the AREA specifications: carbon 0.03 percent below
the lower limit, silicon low, but within limits, manganese, sulfur and
phosphorous within limits) gave very low test results in the rolling-load

machine—only 94,400 cycles. It also contained larger non-metallic inclu-

sions.

5. Metallographic examinations of 17 shelly rails from service found only

one rail which contained extra-large non-metallic inclusions.

6. Using a special rolling-load machine, detail fractures from shelling were
produced in five .standard steel rails and one alloy rail.

7. The cause of shelling in service appeared to result from the fact diat the

present wheel loads were too heavy for the small area of contact between



Rail Research and Development 31

the wheel and rail, so that as a result of the now of the steel, internal

stresses were produced that exceeded the capacity of the steel to with-

stand such stresses.

8. Laboratory rolling-load tests indicated that stronger rail steel, such as

high silicon, intermediate manganese and chrome—vanadium alloy rails,

or heat-treated rails should give longer life in service before shelling

develops.

Final report on the "Study of Simulated Rails Under Repeated Rolling Load,"

by W. S. Hyler and H. J. Grover, Battelle Memorial Institute. Summary—This

investigation studied some of the factors which might contribute to shelly failure

formation. On die basis of this work, it appeared that plastic deformation might

be the most important factor. It would appear that factors which would limit plastic

deformation would also extend rail life. The Herz equations and this work on mild

steel and silver chloride suggested, in agreement with previous work, tiiat smaller

wheel loads or larger diameter wheels would be quite helpful. It was conceivable

that other design changes (in rail or wheel) might be achieved which would lessen

the operating stresses. Such changes would also benefit rail life. It is also interesting

to note that the Herz equations would suggest the use of higher strength rails for

longer rail life. This was also in agreement with general observations from actual

service and from laboratory tests of rail.

Final report on a "Three-Dimensional Photoelastic Investigation of the Prin-

cipal Stresses and Maximum Shears in the Head of a Model of Railroad Rail," by

M. M. Frocht, research professor of mechanics, Illinois Institute of Technology,

June 1953, and supplementary report October 1953. His conclusions confirmed

that the principal stresses occurring near the region of contact ( wheel-rail ) are all

compressive. Below the region of contact, the longitudinal stresses become tensile

for both vertical and combined wheel loadings. The maximum shear lies in the trans-

verse section of symmetry for both types of loading, and for vertical loads the

maximum shear is located 0.53 in. from the center of the rail and 0.2 in. below

the contact area.

16. American Railway Engineering Association. "Causes of Shelly Spots and

Head Checks in Rail; Methods for Their Prevention, Report of Committee 4—Rail,"

Proceedings, Volume 60, (1959), pp. 916-959.

Investigation into "Significance of Hydrogen Level in Rail Steel," by L. H.

Winkler, Retired Metallurgical Engineer, Bethlehem Steel Company. The results

from investigations at the Bethlehem Steel Research Department and the United

States Steel Research Department correlated and showed that the results obtained

from specimens of current rail production, as well as from rails that had shelled

in service, indicated no evidence that hydrogen contributed to the shelling problem.

An additional three-dimensional photoelastic investigation by Dr. M. M. Frocht

of I.I.T. stated that Dr. Frocht translated the model stresses into equivalent stresses

for the full size wheel and rail, and concluded for the condition of his study using

a typical 33-in.-diameter worn wheel and worn rail contour, that "a wheel load

of 30,000 lb would seem sufficient to put the rail into a state of incipient failure."

17. American Railway Engineering Association. "Causes of Shelly Spots and

Head Checks in Rail; Methods for Their Prevention, Report of Committee 4—Rail,"

Proceedings, Volume 62, (1961), pp. 622-634.
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Field tests of chrome-vanadium alloy rail on the Pennsylvania and the Norfolk

and Western Railroads correlated with University of Illinois laboratory metallurgical

and rolling-load tests, with results showing good wearing qualities and superior

resistance to shelling, but poor resistance to impact. Tests were run on specimens

made from rail ends that were breaking in the field, and they exhibited low impact

resistance in Charpy tests and showed evidence of brittleness.

18. American Railway Engineering Association. "Causes of Shelly Spots and

Head Checks in Rail; Methods for Their Prevention, Report of Committee 4—Rail,"

Proceedings, Volume 63, (1962), pp. 532-553.

Professor R. E. Cramer reported on an extended rolling-load test on a CF&I

136-lb high-silicon chrome-vanadium rail. It exhibited no shelling after 11,809,200

cycles.

19. American Railway Engineering Association. "Causes of Shelly Spots and

Head Checks in Rail; Methods for Their Prevention, Report of Committee 4—Rail,"

Proceedings, Volume 68, (1967), pp. 463-487.

A report of a service test on the Norfolk & Western Railway involving a

Bethlehem fully heat-treated rail on a 6-deg curve. The rail was placed in service

in August 1954, transposed in 1959, and as of May 1966, had carried 494,350,000

gross tons of traffic. Prior to transposition it had given better than two times the

life of conventional carbon steel rail. By May 1966, the service life ratio was

5 to 1.

20. Eisenmann, Josef, "Stress Distribution in the Permanent Way Due to

Heavy Axle Loads and High Syeeds," American Railway Engineering Association,

Proceedings, Volume 71, (1970), pp. 24-59.

Doctor Eisenmann discusses the shear stress distribution in the rail head. "The

stress distribution in the rail head in the vicinity of the contact surface between

wheel and rail can be calculated using the half-space theory. Experiments carried

out by the Technical University in Munich, the Institute of Railways and Road
Construction, and various research laboratories of German steel plants proved the

validity of Boussinesg's solution for this case. Recent investigations in France agree

with the results."

21. Henry, R. J., "The Cause of White Etching Material Oudining Shell-

Type Cracks in Rail Heads," American Railway Engineering Association, Proceed-

ings, Volume 71, (1970), pp. 682-688.

White etching regions that outline some of the sub-surface shells and asso-

ciated cracks in rails were discovered at the Association of American Railroads

Research and Test Department laboratory, and further work by Mr. Henry showed
that the white etching regions are stress-induced alterations of the steel. Local

plastic strain was shown to result in shell cracks similar to those in scratched steel

samples and certain metal failures in bearing steels. The etched regions were

analyzed by an electron microprobe and were found to be identical in composition

to the surrounding base steel. This proved that the white etching was neither foreign

material nor the result of chemical segregation. Also, this and other studies attribute

the white layer to untempered martensite that forms through austenitization caused

by localized deformation and the rapid quenching action of the large mass of cooler

adjacent material. This same explanation is parallel to tiiat given for white etching

structural alterations in bearing steels. A microhardness increase was noted and is

evidence of work-hardening during a "precipitate-dislocation interaction." All of
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these results concur that the white etching regions result from local, plastic defor-

mation, and, therefore, must be created during in-track rail service conditions.

Similar findings were noted by W. S. Hyler and H. J. Grover, at Battelle Memorial

Institute.

22. Office for Research and Experiments of the International Union of Rail-

ways. "Behavior of the Metal of Rails and Wheels in the Contact Zone," Office for

Research and Experiments of the International Union of Railways, Question C-53,

Document 1, October 1961.

This report is an analysis of a study of shell cracks in rail, and also refers

to the work done at the University of Illinois. The main objective was the estab-

lishment of a stress criterion for fatigue in rail heads in the presence of internal

stresses that will prevent "shakedown" under highest wheel loads. Shakedown is

a term referring to the maximum shear stressing of the rail beyond its yield point

under one or more passages of a load until yielding ceases after the residual

stresses have initiated and a crack develops.

23. Office for Research and Experiments of the International Union of Rail-

ways. "Behavior of the Metal of Rails and Wheels in the Contact Zone," Office for

Research and Experiments of the International Union of Railways, Question C-53,

Report 1, March 1964.

This report presents the results of a stress study and calculations based on a

Hertzian distribution and formulas by Thomas and Hoersch (University of Illinois).

There were no firm conclusions.

24. Office for Research and Experiments of the International Union of Rail-

ways. "Behavior of the Metal of Rails and Wheels in the Contact Zone," Office

for Research and Experiments of the International Union of Railways, Question

C-53, Report 2, October 1965.

This report describes the initial study of a three-dimensional photoelastic

method of analyzing a loaded rail. The results indicate how to evaluate values of

the stress gradient. It is similar to the study by M. M. Frocht, at the Illinois

Institute of Technology.

25. Office for Research and Experiments of the International Union of Rail-

ways. "Behavior of the Metal of Rails and Wheels in the Contact Zone," Office for

Research and Experiments of the International Union of Railways, Question C-53,

Report 3, October 1966.

This report discusses the problems of small diameter wheels. P/D ratios (load

in tons/diameter in meters) in Europe do not exceed 14.5, while American railways

report the same or larger values.

26. Thomas, H. R. and Hoersch, V. A. "Stresses Due to the Pressure of One
Elastic Solid Upon Another," University of Illinois Experiment Station, Bulletin,

No. 212, July 1930.

Mathematical derivations and laboratory work involved in the verification of

the mathematical analysis of various prior studies and stress-strain theories are

developed. "By using the methods of solutions presented, it is possible to compute
the principal stress components within the area of contact, both at the surface and

at points below the surface, when one elastic body is pressed against another. It is

also possible to compute the maximum shear stress, due to the differences of stress

components, and to determine the distance from the contact surface to the point

of maximum shear, as well as the area of contact." This work of Thomas and

Bui. 644
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Hoersch is an important reference work that is frequently referred to by others

conducting studies on shelling rail and metal fatigue in bearing metals.

27. Ito, A. and Kurihara, R., "Shelling of Rails Experienced in Japanese Rail-

ways," Permanent Way Society of Japan, Bulletin, No. 27, Volume 13, No. 8, 1965.

This paper indicates that poorer quality rail has been produced in Japan.

Most of the shelled rails were found to contain "much impurity, including phosphor

and tin." Seventy percent of all the rails which developed shelling came from the

top of the ingot, or as we call them, "A" rails. "This fact shows that the degree

of segregation in the rail steel and its quality grade has much to do with the

incidence of shelling." Studies of the stresses in track revealed that "according to

a report by the Soviet Railway Research Institute, correlation exists between the

average value of lateral thrusts on a rail and the incidence of shelling." Results

of the Japanese tests indicate the same correlation. The conclusion is that studies

of the car and track structure must be made to prevent the generation of large

lateral thrust forces.

28. O'Brien, J. L. and King, A. H., "Electron Microscopy of Stress-Induced

Structural Alterations Near Inclusions in Bearing Steels," Journal of Basic Engineer-

ing, Transactions of the American Society of Mechanical Engineers, Series D,

Volume 88, No. 3, September 1966, pp. 568-572.

This paper reports on a study of bearing steels with the use of transmission-

electron microscopy. "It was determined that white-etching alteration formed around

inclusions in cyclically-stressed bearings is due to the formation of cellular grains.

The carbide produced on tempering has broken up with the carbon in new sites.

This new structure has replaced the tempered martensitic one existing prior to

deformation."

29. Littmann, W. E. and Widner, R. L., "Propagation of Contact Fatigue from

Surface and Subsurface Origins," Journal of Basic Engineering Transactions of the

American Society of Mechanical Engineers, Series D, Volume 88, No. 3, September

1966, pp. 624-636.

This report concludes that most fatigue failures under contact stress condi-

tions are the result of a competition between several different modes of failure

which nucleate and propagate at various rates with a high degree of independence.

Some are intrinsic with the nature of the materials, and although Littmann and
Widner are dealing here with bearing metal and various lubricants, their findings

could apply to rail steel. "Other factors that influence fatigue life are determined
by the test or service environment. The most frequent are inclusion origin fre-

quency and severity of oxide or other hard inclusions, and point surface origin

tangential forces and/or gross sliding."

30. Martin, J. A., Brogese, S. F., and Eberhardt, A. D., "Microstructural Altera-

tions of Roller Bearing Steel Undergoing Cyclic Stressing," Journal of Basic Engi-
neering, Transactions of the American Society of Mechanical Engineers, Series D.
Volume 88, No. 3, September 1966, pp. 555-567.

"Light Microscopy of cycled 52100 steel bearing rings gives clear evidence
of microstructural change due to cyclic stressing. These changes give every indica-

tion of being related to plastic deformation, i. e., fatigue damage in bulk material.

Transmission electron microscopy shows that a cell structure develops during cyclic

stressing. The same type of cell structure has been observed in stress-cycled, low-
carbon steel by Klesnil, et al. ( Some Aspects of the Fatigue Process in Low Carbon
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Steel, American Iron and Steel Institute, Volume 203, January 1965 ) and is gen-

erally associated with high stress fatigue."

31. Rail Defect Manual, Sperry Rail Service, 1964.

A complete and accurate reference handbook of rail defects. This handbook

also contains facts pertaining to rail history, development, and manufacturing and

mill processes for rail making.

32. Spencer, L., "Occurrence of Shelly Rails," Railway Track and Structures,

June 1967, pp. 31-32.

Mr. Spencer discusses why and where shelling of rail occurs and the possible

action to be taken to help the problem in a study of the wheel tread and taper.

33. Martin, G. C. and Hay, W. W., "The Influence of Wheel-Rail Contact

Forces on the Formation of Rail Shells," University of Illinois Engineering Experi-

ment Station, Department of Civil Engineering, Report 70-102. Transaction Series

No. 5, December 1970.

This study consisted of an analytical investigation, in which elastic stresses

in the rail were found by the finite element method, and an experimental study

using rail samples in a rolling contact simulating wheel-rail contact. The analytical

study using the Von Mises yield criteria and the Prantl-Reuss equations of incre-

mental plasticity revealed that, if a wheel load was accompanied by a tangential

slip force towards the gage corner, and a longitudinal tangential slip force opposite

the direction of rolling, high stress ranges resulted about /« in. below the rail head

surface. This represented the forces acting on the high rail of a curve and explained

the initiation of the shell crack. It was found that this stress area was surrounded

by a residual tensile stress zone which would allow the propagation of a crack.

Plastic flow and build-up of residual stresses with each passage of load was also

demonstrated. In the experimental study it was found that, if a normal load was

applied, a transverse tangential load was directed away from the center line of the

rail, and a longitudinal slip force was directed opposite the direction of motion,

the range of shear stress was the greatest and a test specimen failed or shelled after

1,400,000 cycles.

Another specimen went beyond 2,500,000 cycles without shelling when the

tangential longitudinal force was in the direction of motion and the transverse

tangential force was towards the center of rail. This is equivalent to the action of

a wheel on the low rail of a curve, whereas the first or shelled specimen represented

the high rail of a curve. G. C. Martin made recommendations for further study,

including an analytical investigation, using a model rail and wheel to find the exact

contact distribution using the finite element method and involving a three-dimen-

sional contact, instead of assuming a Hertzian distribution. He also suggested field

investigations, like those reported by Mr. Code of the Pennsylvania Railroad in

1959 which used brass rods inserted in holes drilled in the rail head, and the con-

duct of rolling-load tests, using an actual rail to create the tangential forces used

in his model testing.

34. Howell, W. G. and Weese, J. A., "An Experimental Investigation of the

Use of High-Cant Tie Plates to Support the High Rail on Curves," Denver Research

Institute, University of Denver, Research report for the CF&I Steel Corporation,

1969.

A report on the use of the photoelastic process to obtain direct visual evalua-

tion of the maximum shearing stress and the direction of the principal stresses at

every point in a rail in five different loading and rail support conditions, using
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standard and High-Cant tie plates. The theory in this investigation was that the

High-Cant tic plate of 1:14 slope places the rail head of the high rail of a curve

in a position such that the contact area of the wheel is developed more nearly

like that of rail in tangent track and such that the load is more centered on the

rail head.

The study indicated that the ratio of contact stresses in the rail, when using

the standard 1:40 slope tie plates on the high rails of curves, may be as large as

two to one compared to tangent track. When the High-Cant plate (1:14 slope)

is used on the high rail of curves, the contact stresses are reduced, so that they

are only 28 percent higher than those on tangent track.

This study showed, and present field installations are confirming, that by cant-

ing die high rail of curves to the 1:14 slope, shelling of the rail and subsequent

curve wear problems are reduced.

35. Watanabe, K. and Sugiyama, T., "The Birth of a 60 kg/m Rail," Japan

Railway Civil Engineering Association, Bulletin, No. 37, Volume 10, No. 4, Septem-

ber 1968.

This report discusses the problems that occur with the 50 T rails used on the

Tokaido Line in Japan, and the studies that were made, which led to the develop-

ment of a larger rail section, the 60 kg/m rail, for the New Sanyo Line. The main

reasons for the rail section change were the expected greater tonnages, higher speeds,

and higher flanges on the car and locomotive wheels.

36. Steel in the Soviet Union, American Iron and Steel Institute Part V,

Chapter 1, 1959.

General observations relative to Soviet rolling mills and rolling practices are

discussed. Some details about large and small rail and structural rolling mill prac-

tices are presented. Rail production in the U.S.S.R. is about two percent of its

present steel product output. Other factors discussed in the book are the raw

materials and iron ores in die U.S.S.R., blast furnace facilities and practices, steel-

making facilities and practices, and management and labor relations. In general,

the rail and structural mills and their practices are similar to those in American

installations, the one exception being the use of roller straighteners, of the over-

hung wheel type, for use with rail and structural shapes.

37. Office for Research and Experiments of the International Union of Rail-

ways. "Stresses in the Rails, the Ballast and in the Formation Resulting from Traffic

Loads," Office for Research and Experiments of the International Union of Railways,

Question D-71, Report 1, April 1965.

A preliminary report describing the measurements taken by the DB and the

SNCF to study the dynamic stresses in rails. The measurements were taken on a

number of tracks, which varied considerably regarding the nature of the formation,

the layout and the track structure. This report, in four parts, defines the purpose

of the measurements, the places they were taken, the quantities which were meas-

ured, and summarizes the principal results. It also describes the measuring and

calibration methods, and reports on the measurements taken by the SNCF, and

the DB.

38. Office for Research and Experiments of the International Union of Rail-

ways. "Stresses in the Rails, the Ballast and in the Formation Resulting from Traffic

Loads," Office for Research and Experiments of the International Union of Railways,

Question D-71, Report 2, June 1966.
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This report deals with the laboratory determination of the stress distribution

in the rail cross-section under the effects of vertical and horizontal loads. Measure-

ments were taken of the following: (1) strains in two and three directions on the

rail section surface in the laboratory, under vertical axial and eccentric loads and

also under horizontal and skewed load applications, (2) strains in three directions

occurring on the outer edge of the rail head in track in service, and ( 3 ) strains in

three directions in the inner zones of the rail head of a rail model made of synthetic

material, near the point of contact between the wheel and the rail.

39. Office for Research and Experiments of the International Union of Rail-

ways. "Stresses in the Rails, the Ballast and in the Formation Resulting from Traffic

Loads," Office for Research and Experiments of the International Union of Rail-

ways, Question D-71, Final Report (No. 13), October 1970.

A summary report covering the work of Question D-71, in all of its programs

of stresses in rails, rail fastenings, sleepers, ballast and the roadway. A general

review of the "stress distribution in the rails," which were published in greater

detail in report Nos. 1, 2 and 5, is presented.

40. Schramm, G., "Permanent Way Technique and Permanent Way Economy,"

1st Edition, 1961.

A well-illustrated publication on the background of the German Railway,

suitable not only as a textbook, but also as a handy aid and reference book for all

persons concerned with practical work in the design and construction of railway

track or permanent way. Permanent way techniques pertaining to the track, rails,

sleepers, track ballast, rail fasteners, track measurements, and track maintenance

are discussed. Solutions to difficulties and problems of maintenance, as well as

technical detail of construction, are covered. Part 2 of the publication covers the

economy of the permanent way. Section B of Part 1 deals with the German expe-

rience and criteria regarding shapes of rail, rail steel, rail stresses, and the design

and selection of rail sections. United States rail design and use is compared to the

corresponding German practices.

41. Hay, W. W., "Railroad Engineering," Volume 1, John Wiley & Sons, Inc.,

New York, 1953.

This book covers the fundamental facts and principles that have been estab-

lished over the years, and which the railway civil engineer requires for the loca-

tion, construction and maintenance of a modern railroad. In the "Principles of

Maintenance of Construction," the section on rail discusses the chemical composi-

tion and the manufacturing process of rail, the history and design factors for rail,

rail defects, rail life and details of rail installations and maintenance. Some detail is

also given to continuous welded rail, methods of welding, anchoring and economics.

The recommended practices of die American Railway Engineering Association have

been presented in this publication, whenever design criteria and procedures are

referred to.

42. American Railway Engineering Association. "Report of Committee 31

—

Continuous Welded Rail," Proceedings, Volume 71, (1970), pp. 645-656.

Several reports are presented covering laboratory studies of Orgotherm, Dela-

chaux, and Boutet process thermite butt-welded rail joints, and the initial studies on

a method of locating defects in butt welds by "Acoustic Emission Weld Monitor-

ing in the Welding of Rail." A report presenting a guide to be used in thermite

field welding of rail joints is also presented.
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43. Ameri&U] Railway Engineering Association. "Manual Revision, Report of

Committee 4—Rail," Proceedings, Volume 48, (1947), pp. 656-673.

An explanation of the adoption and revision of the 112-lb and 131-lb RE rail

sections, and the development of 115-lb and 132-lb rail sections by the Engineering

Division Research Stall.

44. American Railway Engineering Association. "Report of Committee 16

—

Economics of Railway Location and Operation," Proceedings, Volume 58, (1957),

pp. 359-360.

This report presents formulas for determining the life of rail.

45. Railroads of the U.S.S.R., Association of American Railroads, 1960, p. 147.
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PART 2

SUMMARY OF HEAT TREATED AND ALLOY RAIL SERVICE TEST INSTALLATIONS

ON CURVES WITH SHELLY HISTORIES—1972*

Introduction

In its programs and efforts in the field of rail research, the AAR Research and

Test Department is continuing the study and analysis of those rails that continue

in service which show some potential for improvement in performance. Rails that

are heat-treated, have a variance in chemical composition from that of standard

rail or which are unconventionally produced come under this study.

The scope of this program of field inspection and analysis is to observe those

rails in curved track that display greater wear resistance and the quality of retarding

the advent of shelling. The field inspections are carried out as a cooperative effort

of the Rail Research and Development Subcommittee of AREA Committee 4—Rail,

the AISI Technical Subcommittee on Rail and Accessories and the AAR Research

and Test Department.

This report is divided essentially in two sections. The first section covers the

inspection of four service test curve installations on the Burlington Northern, Inc.

(formerly the Great Northern Railway) between Glacier Park, Mont, and Seattle,

Wash. These are, namely, curves 125, 133 and 136 between Blacktail and Nimrod,

Mont., curves 705 and 710 near Camden, Wash., curves 48 and 52 near Winton,

Wash., and curve 89 near Berne, Wash. The reporting on these installations is in

narrative form, generalizing on the condition of the rails in the curves as a whole

so as to conform with the reporting format of previous inspections.

The second section covers the inspection of three installations on the Burlington

Northern, Inc. (formerly Great Northern Railway) near Superior, Wis. and Carlton,

Minn. These are No. 1 lead track curve in Allouez, Wis. yard, curve 20 near Carlton,

and curve 22 near Carlton. As was done in the previous reporting format of curves

20 and 22 and to conform to that format, this report lists each of the rails in each

of these curves in tabular form, giving results of this and the two prior inspections

for comparison.

Inspection of Test Installations on the Burlington Northern in

Montana and Washington

Acknowledgment

Inspection of the rail in four service test curve installations on the Burlington

Northern ( formerly Great Northern ) in Montana and Washington was made on

August 15, 16 and 17, 1972, by the following individuals:

A. R. DeRosa, supervisor rail and detector cars, BN
K. W. Schoeneberg, executive research engineer, AAR
W. H. Chidley, American Iron and Steel Institute

G. G. Knupp, Bethlehem Steel Corporation

C. W. Grater, U. S. Steel Corporation

G. Boedecker, CF&I Steel Corporation

° Association of American Railroads, Research and Test Department Report No. R-121.
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This report was assembled by K. W. Schoeneberg, Research and Test Depart-

i in nt. Association of American Railroads.

Sen ice Test of 115 RE Curvemaster and Fully-Heat-Treated Rails (Curves 125,

133 and 136)

The former Great Northern established a service test of Curvemaster rails in

the westbound track, in double-track territory, between Blacktail and Nimrod, about

70 miles west of Cutbank, Mont., on August 5 and 6, 1964. The surface-hardened

rails were installed in one curve, No. 125. Two nearby curves, No. 133 and 136,

of somewhat similar characteristics, in which fully-heat-treated rails had been in-

stalled, were selected for comparison purposes. The details of the installations and

the characteristics of the curves are recorded in the AREA Proceedings, Vol. 67,

(1966), Bulletin 598, pages 496 and 499.

Rails previously installed in these curves were usually transposed for the first

time in about 3 years, with a possible overall life of up to 12 years. To the time

of this inspection, August 15, 1972, the rails had been in service over 8 years and

had carried approximately 83,532,600 gross tons of traffic, without transposition.

As reported since the first inspection, the wear pattern on the head of the high

and low side rails in curve 125 appeared normal, while the wear pattern throughout

curves 133 and 136 appeared abnormal in that the pattern was toward the field

side in the low rails and on the gauge half of the head in the high rails. The rails

in curves 133 and 136 were installed on existing plates without adzing or roadbed

preparation. The tieplates have cut into the ties considerably on the field side of

both the high and low rails. The gauge is 57/4 inches in a number of locations with

evidence of the rails rolling outward under traffic. Abnormal gauge wear is occurring

on the high rail, and the crushing effect of the false flange of the wheels on the

head toward the field side was noted in 4 of 9 rails in the low side of curve 133

and 1 of 4 rails in curve 136. A total of six chipped ends was noted in the two
curves, three on the high side and three on the low side.

Wear and flow were observed in the high-side rails in all three curves, but no
flaking or shelling was found. As previously reported, at least four rails in curve

125 have been marked by wheel burns: low-side rails D27 at 3 ft from west end
and D25 at 5 ft from east end and 12 ft and 3 ft from west end, and high-side

rails E31 twice at midrail and B29 at spots opposite burns in rail D25. Light head
checks and flaking spots were noted in two high side rails.

Curve oilers are a considerable distance from these curves, so lubrication was
negligible at the time of this inspection.

While the comparative benefit of the treated over standard rails is apparent, it

is obvious that comparisons of the two types of heat-treated rails will be complicated
by the track variations, as mentioned above, which have existed since installation.

Rail head cross section contours were taken at about the center of the leaving

(or west) 39-ft half of the 78-ft rails and are shown in Figures 1 through 8.

(Text continued on page 49)



Rail Research and Development 41

FIGURE 1

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB CURVEMASTER

DIVISION Montana
Laid August 5. 1964

INSPECTION DATE 8-15-72
Between Summit and Essex

1.7%
840875 - E28
LOW RAIL Gauge

2. 0%
840875 - C25
HIGH RAIL

Gauge 56-3/8' Gauge 56-3/8"

1.2%
840875 - B31
LOW RAIL

Gauge 56-5/8"

Gauge

Gauge 56-3/4'

1. 0%
840875 - E26
LOW RAIL Gauge

'',. 4"',,

840875 - B25
HIGH RAIL

Gauge 56-3/4' Gauge 56-7/8"

M.P. 1161 + 11, CURVE NO. WB125, DEGREE 6°35'00"
, S uperelevation 4-3/4

'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 2

Bl RLINGTON NORTHERN INC.

RAIL SECTION R E 1 15 LB CURYEMASTER

DI\ [SION Mont

Laid AugUBl ">. 1964

INSPECTION DATE 8-15-72

Between Summit and Essex

1 . 0%
840875 - E24
LOW RAIL Gauge

840875 - B28
HIGH RAIL

Gauge 57" Gauge 57"

1 . 2%
840875 - B27
LOW RAIL

Gauge 56-3/4'

Gauge

3.9%
840875 - D2S
HIGH RAIL

Gauge 56-7/

2 . 6\
840875 - C22
LOW RAIL Gauge

6. 8%
840875 - D24
HIGH RAIL

Gauge 56- 7/8' Gauge 57-1/8"

M. P. 1161 + 11, CURVE NO WB125, DEGREE 6°35'00", Superelevation 4-3/4'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 3

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB CURVEMASTER

DIVISION Montana
L3id August 5, 196-4

INSPECTION DATE 8-15-72
Between Summit and Essex

Gauge 57

2. -

840375 - D25
LOW RAIL

5. 6%
840875 - B29
HIGH RAIL

2. 8%
340375 - F31
LOW RAIL

Gauge 57 -1/8

Gauge

Gauge 57"

2. 2%
840375 - F27
LOW RATE

4. ''";,

840875 - B2]
HIGH RAIL

Gauge 55-3/4" Gauge 56- 5

M. P. 1161+lt. CURVE NO. WB125, DEGREE 6
r 35'00", Superelevation 4-3/4'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 4

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB FULLY HEAT TREATED

DIVISION Montana
Laid August 5, 1964

INSPECTION DATE 8-15-72

Between Summit and Essex

3.4%
CT290145 - H17
LOW RAIL

Gauge
2. 9%

CT286155 - D10
HIGH RAIL

Gauge 56-5/8" Gauge 56-5/8'

4.9%
CT286155 - F3
LOW RAIL

Gauge
7.9%

CT250145 - F17
HIGH RAIL

Gauge 57-1/8' Gauge 57"

3. 7%
CT286155 - D2
LOW RAIL

Gauge 57-1/4'

Gauge
10. 5%

CT286155 - B20
HIGH RAIL

Gauge 57-1/8"

M. P. 1162.75, CURVE NO. WB133, DEGREE 7°25'00", Superelevation 6"

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 5

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB FULLY HEAT TREATED

DIVISION Montana
Laid August 5, 1964

INSPECTION DATE 8-15-72
Between Summit and I^ssex

4.4%
CT290145 - F9
LOW RAIL

Gauge
15. 4%

CT286155 - G8
HIGH RAIL

Gauge 57-3/8" Gauge 57'

4. 1%
CT250145 - CI
LOW RAIL

Gauge
14.4%

CT286155 - CI
HIGH RAIL

Gauge 57-1/4' Gauge 57- 1/4"

4.4%
CT286155 - B8
LOW RAIL

Gauge 57-1/4'

Gauge
10. 1%

CT286155 - F2
HIGH RAIL

Gauge 56-7/8"

M P° 1162.75, CURVE NO. WB133, DEGREE 7°25'00", Superelevation 6'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 6

Bl RLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB FULLY HEAT TREATED

DIVISION Montana
Laid August 5, 1964

INSPECTION DATE 8-15-72
Between Summit and Essex

CT285155 - E10
LOW RAIL

Gauge
11.7%

CT250145 - El
HIGH RAIL

Gauge 57- 1/4" Gauge 57'

4.6%
CT250145 - F2
LOW RAIL

Gauge 57- 1/4"

Gauge

f
17. 6%

CT286155 - El
HIGH RAIL

Gauge 57-1/4'

4.4%
CT290145 - H12
LOW RAIL

Gauge
16. 1%

CT286155 - F7
HIGH RAIL

Gauge 57"
Gauge 57-1/8'

M.P. 1162.75, CURVE NO. WB133, DEGREE 7°25'00", Superelevation 6'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 7

BURLINGTON NORTHERN INC.

RAIL SECTION RE 115 LB FULLY HEAT TREATED

DIVISION Montana
Laid August 5, 1964

INSPECTION DATE 8-15-72

Between Summit and Essex

4. 0%
CT290145 - Bl
LOW RAIL

Gauge
2 . 7

CT250145 - H18
HIGH RAIL

Gauge 56- 1/4" Gauge 56-3/8"

CT288150 - D6
LOW RAIL

Gauge 56- 1/2"

Gauge
/

Gauge 56-5/8"

4.9%
CT239127 - G18
LOW RAIL

Gauge
8.4%

CT288150 - Fll

HIGH RAIL

Gauge 56-3/4" Gauge 57-1/4'

M P 1163 4 CURVE NO. WB136, DEGREE 6°15'00", Superelevation 3-1/2'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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FIGURE 8

BURLINGTON NORTHERN INC.
RAIL SECTION RE L15 I.R FULLY HEAT TREATED

DIVISION Mom
Laid August 5, 1964

INSPECTION DATE 8-15-72

Between Summit and Essex

4.5%
CT286155 - Bl
LOW RAIL

Gauge
8. 5%

CT290145 - F8
HIGH RAIL

Gauge 57-1/4" Gauge 57-1/8"

M.P. 1163.4, CURVE NO. WB136, DEGREE 6°15 '00", Superelevation 3- 1/2

'

Tonnage to August 1, 1972 - 83, 532, 600 G. T.
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Service Test of 115 RE High Silicon Rails (Curves 705, 710, 48 and 52)

The former Great Northern installed high silicon (0.71 Si) 115 RE rails in the

4° 59' curve, No. 710, and regular comparative rails in the 5° 00' curve, No. 705,

near Camden, Wash, in September 1955, and high silicon (0.62 Si) 115 RE rails

in the 2° 30' 45" curve, No. 48, and regular comparative rails in the 2° 30' curve,

No. 52, near Winton, Wash, in June 1955. These service tests were installed to in-

vestigate the properties of high silicon rail in regard to its shelling and abrasion

resistance, respectively. The installations are described extensively in the AREA
Proceedings, Volume 58, (1957), page 1028.

Curves 705 and 710

At the time of the August 1964 inspection, after more than 145,000,000 gross

tons of traffic, 6 of the 20 standard rails in the high side of curve 705 were noted

to contain shells, 2 with heavy shells and 4 with medium to light shells; 3 rails

contained medium flaking areas.

Fourteen of the 31 high silicon rails in the high side of curve 710 contained

shells, 8 heavy and 6 medium to light. One rail had been removed on February 3,

1964 due to a detected progressive fracture from shelling.

By October 4, 1965 after 179,496,347 gross tons of traffic, 12 of the 20 standard

rails contained shells. In 2 rails, 12143-C16 and 12143-B16, the shells extended

almost to the center line of the top of the rail head. Another rail showed flaking

throughout its length.

At the same time, 24 of the 31 high silicon rails were found to contain shelling

to some extent, several throughout the rail length. Rail 16191-D16 appeared to be

most heavily shelled.

In October 1965 the rails in both curves were transposed. Two low-side high

silicon rails were not moved to the high side of curve 710 for reasons unknown
at this time. Two high-side standard carbon rails (12143-C16 and B16) were not

moved to the low side of curve 705 due to the heavy shelling noted.

During the September 20, 1967 inspection, no gauge corner service develop-

ments were observed, but chipping of the head surface, in some instances close

to the gauge corner, in areas of former low-side crushing was noted in two high

silicon rails in curve 710 and in 13 standard carbon rails in curve 705, the condition

in the latter rails considerably more severe. High silicon rail, 16191-F16, had been

removed from the low side of curve 710 in April 1967 due to a detected detail

fracture.

By the time of the September 24, 1969 inspection, one rail, 16191-B16, had

developed a shell 9 ft from the east end, medium flaking appeared in 6 rails, light

flaking in 10 rails, and very light flaking in 6 additional high side high silicon rails

in curve 710. The remaining 6 rails appeared clear of gauge corner developments.

In the same time, one standard rail, 15144-B19, had developed 2 shells about

8 ft from the west end. Heavy flaking was found in 3 high-side rails, medium flaking

in 3 rails, and light flaking in 5 rails. The gauge corner appeared clear of service

developments in the remaining 8 standard carbon rails.

Approximately 131,418,453 gross tons of traffic had passed over the rails in

their transposed positions by the time of this August 1972 inspection, making a

total of 310,914,800 gross tons carried since installation. The following indicates

the condition of the rails.
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In the high-side curve 710 silicon rails, 14 contained from one to numerous

shells ranging from small to heavy, medium flaking was found in 2 rails, light flaking

in 3, head checks in one, and 5 appeared clear. Six rails had been replaced due to

m i\ ire developments.

In curve 705 regular rails, 15 contained various numbers of shells, one light

Making, and 3 were clear. One rail (B19 noted shelled above) was removed from

service.

Considerable fin formation toward the field side was noted in die low-side

rails in which shelling and curve wear were previously noted to be most heavy.

Some flow to the gauge side was also observed. No irregularities were noted in the

high silicon low-side rails in curve 710; however, a fracture from a previous shell

was found in the field side of the head of rail C21 which was promptly removed
from track.

The rails in both curves have been well lubricated throughout the test period.

The curve oiler is in the fourth rail east of the first high-side test rails in curve 710,

and at the west end of the curve for the high rails in curve 705.

Contour tracings were made at each curve and are shown in Figures 9

through 12.

(Text continued on page 55)
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FIGURE 9

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB STD. CARBON

DIVISION Spokane
Laid September 1955

INSPECTION DATE 8- 16-72

Transposed October 1965

f

Near Camden, Washington

7.7%
3142 - B22
LOW RAIL

Gauge
7.6%

1160 - B9
HIGH RAIL

Gauge 56-1/2' Gauge 56-1/2"

Gauge

Gauge 56-1/2

10.7%
12145 - F15
HIGH RAIL

Gauge 56-1/2'

10. 5%
3142 - E4
LOW RAIL

<

Gauge
7. 8%

15144 - F17
HIGH RAIL

Gauge 56-1/2" Gauge 56-9/16"

M. P. 1443+, CURVE NO. 705, DEGREE 5°00", Superelevation 3- 1/2", Lubricated

Tonnage to August 1, 1965- 179, 496, 347 G. T.

Tonnage to August 1, 1972 - 3 10, 9 14, 800 G. T.
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FIGURE 10

BURLINGTON NORTHERN INC

RAIL SECTION RE 115 LB STD. CARBON

DIVISION Spokane

Laid September 1955

INSPECTION DATE 8-16-72

Transposed October 1965

Near Camden. Washington

5.6%
3142 - F6
LOW RAIL

Gauge

6. 1%
15144 - F8
HIGH RAIL

Gauge 56-1/2" Gauge 56 -7 / 16
"

M. P. 1443 + , CURVE NO. 705, DEGREE 5°, 00", Superelevation 3- 1/2", Lubricated

Tonnage to August 1, 1965 - 179, 496, 347 G. T.

Tonnage to August 1, 1972 - 310, 914, 800 G. T.
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FIGURE 11

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB HIGH SILICON

DIVISION Spokane
Laid September, 1955

INSPECTION DATE 8-16-72

Transposed October , 1965

6. 6%
16191 - B18
HIGH RAIL

Near Camden, Washington

Gauge
5 .

4":,

16191 - D2
LOW RAIL

Gauge 56-7/8" Gauge 56-11/16"

Rail Removed Prior to 1972

16191 - C16
HIGH RAIL

Gauge
9. 5%

16191 - C2 1

LOW RAIL

Gauge 56-15/16'

7. 1%
16191 - B15
HIGH RAIL

Gauge
8. 2%

16 191 - D14
LOW RAIL

Gauge 56-7/8' Gauge 56-7/8"

M.P. 1444+ CURVE NO. 710, DEGREE 4° 59' , Superelevation 5- 1/4 ", Lubricated
Tonnage to August 1, 1965- 179, 496, 347 G. T.

Tonnage to August 1, 1972 - 310,914,800 G. T.
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FIGURK 12

l,i RLINGTON NORTHERN INC.

RAIL SE< TION RE 115 LB MICH SILICON

DIVISION Spokane
L;ud September, 1955

INSPECTION DATE 8-16-72

Transposed October, 1965

Near Camden, Washington

7.9%
16191 - E2
HIGH RAIL

Gauge
8. 1%

1162 - E17
LOW RAIL

Gauge 57' Gauge 56 7/8"

6.6%
1619 1 - E6
HIGH RAIL

Gauge
8. 2%

16191 - Fl
LOW RAIL

Gauge 56-3/4" Gauge 56-5/8"

M. p. 1444+, CURVE NO. 710, DEGREE 4°59', Superelevation 5- 1 /4", Lubricated

Tonnage to August 1, 1965- 179, 496, 347 G. T.

Tonnage to August 1, 1972 - 3 1 0, 9 14, 800 G. T.
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Curves 48 and 52

At the time of the 1964 inspection, a small shell was noted in high silicon rail

1162-R17 in curve 48. No service developments were noted in the regular rails in

curve 52.

During the August 1965 inspection, after approximately 97,499,749 gross tons

of traffic, 3 high silicon rails in curve 48 were found to contain light to medium
flaking areas, rails 1162-B17, C21 and E12. Apparently the small shell noted in

rail 1162-B17 in 1964 had worn away. Most high-side rail ends were chipped also.

Several rails in the east end of the curve were badly burned by slipping wheels.

Of the comparative regular high-side rails in curve 52, only rail 10257-B17 was

found to contain very light flaking at mid-rail. High-side rail 10257-B14 was heavily

chipped at the west end in the joint. A few additional high-side rails were chipped

at the ends.

In September 1966, after 109,544,875 gross tons of traffic, 9 of the 66 high

silicon rails in the high side of curve 48 contained very light flaking. No shelling

or heavy flaking was noted. The ends of 14 high-side rails were chipped in the joints

due to metal flow. Two low side rails, 1162-F16 and 16191-F18, showed slight

chipping of the head surface due to flow of the head metal toward the field side.

In the high side of curve 52, very light flaking was noted in 7 of the 27 regular

rails, and the ends were chipped at the joints in 7 rails. No chipping of the head

metal in the low-side rails was observed.

By the time of the September 1967 inspection, after approximately 122,234,875

gross tons of traffic, the light flaking observed in the high silicon rails in the high

side of curve 48 in 1965 had worn away and the gauge comer of the rails appeared

free of service developments. The slight chipping of the head surface due to flow in

the two low-side rails, as reported in 1966, had also about worn away.

The high-side regular rails in curve 52 also appeared free of gauge corner

developments, the previously reported light flaking having worn away. However,

9 of the 27 low-side rails showed some degree of crushing of the head metal toward

the field side of the head.

The high silicon rails in curve 48 and the standard comparative rails in curve

52 were transposed in June and April 1968, respectively, after approximately

130,652,075 gross tons of traffic.

At the time of the September 24, 1969 inspection very light flaking high on

the gauge corner of the head was observed in most high silicon rails in curve 48,

and in 12 of the 27 high-side regular rails in curve 52. This mild condition was the

result of flow of the head metal to the field side when the rails were in the low

side of the curve.

Only head checks in one rail and head checks and light flaking in another high

silicon rail were noted at the time of this August 1972 inspection after a total of

192,068,500 gross tons. Of this total tonnage, 61,416,425 gross tons had been car-

ried by the test rails in their transposed position. Some chipping in a seam or sliver

area was noted in high silicon rail F18 in curve 48, and 11 rails in the middle of

curve 52 (standard rail) were chipped and spalling in areas where crashing of the

surface metal was noted when the rails were in the low side of the curve.

Considerable metal was spalled or broken away from the gauge side of the

rail head, near both ends of each rail, in the areas where the previous bond wires
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were attached by welding. The bonds were removed, of course, at the time of

transposition. The chipping is noted in both the high silicon and regular rails.

Regular rail 2227-F10 in the high side of curve 52 was marked on the gauge

or brand side by heavy localized impacts at two distinct locations. It appears high-

powered rifle slugs impacted and cratered the side of the head; also, the web just

above the web-to-base fillet at a point 12 ft 6)4 in. from the west end. The areas

are searched visually for "star cracks," etc., but none has been observed.

There were no curve oilers near these test curves so there is little or no evi-

dence of lubrication in either installation.

Contour tracings were made at each curve and are shown in Figures 13

through 16.

(Text continued on page 61)
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FIGURE 13

BURLINGTON NORTHERN INC.

RAIL SECTION RE 115 LB HIGH SILICON

DIVISION Pacific-

Laid June 1955

INSPECTION DATE 8-17-72

Transposed June 1968

Gauge 56-5/8" Gauge 56-3/4'

Gauge

\

Gauge 56-7/8'

11. 0%
1162 - D17
LOW RAIL

Gauge 57-1/8"

Gauge 1162 - CIO
LOW RAIL

Gauge 56-7/8" Gauge 56-7/8"

M. P. 1680+66, CURVE NO. 48, DEGREE 2°30'45", Superelevation 3-3/4",

Not Lubricated

Tonnage to June 1968 - 130, 652, 075 G. T.

Tonnage to August 1, 1972 - 192, 068, 500 G. T.
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FIGURE 14

B1 RLINGTON NORTHERN INC.
RATI. SECTK >\ R E 1 1 5 LB MIC.II SILICON

l)I\ [SION P

Laid June I

INSPECTION DATE 8-17-72

Transposed June 1968

Near Winton, Washington

7. 0%
1619 1 - C5
HIGH RAIL

Ga uge
11.7%

1162 - E12
LOW RAIL

Gauge 57' Gauge 56-7/8'

9. 3%
16191 - A2
HIGH RAIL

Gauge
10. 5%

1162 - C8
LOW RAIL

Gauge 57-1/8" Gauge 57- 1/8'

M. P. 1680+91, CURVE NO. 48, DEGREE 2°30'45", Superelevation 3-3/4",

Not Lubricated

Tonnage to June 1968 - 130, 652, 075 G. T.
Tonnage to August 1, 1972 - 192, 068, 500 G. T.
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FIGURE 15

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB STD. CARBON-

DIVISION Pacific

Laid June 1955
INSPECTION DATE 8-17-72

Transposed April 1968

Near Winton, Washington

7.9%
2227 - C9
HIGH RAIL

Gauge
8. 0%

10257 - E15
LOW RAIL

Gauge 56-7/8" Gauge 56-5/8"

Gauge

Gauge 57" Gauge 57"

9. 6'".

2227 - F10
HIGH RAIL

Gauge

Gauge 56-3/4" Gauge 56-3/4"

M. P. 1683+33, CURVE NO. 52, DEGREE 2°30', Superelevation 2-1/2", Not Lubricated

Tonnage to April 1968 - 130, 652, 075 G. T.

Tonnage to August 1, 1972 192, 068, 500 G. T.
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FIGURE 16

BURLINGTON NORTHERN INC.

RAIL SECTION RE 115 LB STD. CARBON

DIVISION Pacific

Laid June 1955

INSPECTION DATE 8-17-72

Transposed April 1968

Near Winton, Washington

9. 5%
2227 - E17
HIGH RAIL

\
14.0%

10257 - C19
LOW RAIL

s

Gauge 56-3/4" Gauge 56-7/8'

6.3%
2227 - E12
HIGH RAIL

10.7%
10257 - E12
LOW RAIL

Gauge 56-7/8' Gauge 56-7/8'

M. P. 1683 + 39, CURVE NO. 52, DEGREE 2°30', Superelevation 2- 1/2 ",

Not Lubricated

Tonnage to April 1968 - 130, 652, 075 G. T.

Tonnage to August 1, 1972 - 192, 068, 500 G. T.
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Service Test of 132 RE High-Silicon and 115 RE Curvemaster Rails (Curve 89)

The Burlington Northern established a service test of high silicon rail and
Curvemaster rail in curve 89 of the single main track east of Berne, Wash., on

September 19, 1971. The east half of the curve, both high and low rail, was laid

with CF&I 132 RE high silicon continuous welded rail, and the west half of the

curve, both high and low rail, was laid with U. S. Steel 115 RE Curvemaster con-

tinuous welded rail; 132 lb-115 lb compromise joints were used to join the 132-lb,

and the 115-lb welded rail strings at the midpoint of the curve on both the high

and low rail, respectively. Curve 89 is of 6° 15' curvature with a 2.2 percent

ascending grade to the west, and has an elevation of 2/2 in. The type of traffic over

this curve consists of general freight trains with a maximum authorized speed of 20

mph. The curve was lined and surfaced immediately after the laying of the rail and

was in very good condition at the time of the initial inspection on August 17, 1972.

By August 1, 1972 approximately 16,124,400 gross tons of traffic had passed over

these rails.

The 132 RE high silicon rail was produced by CF&I Steel Corporation in April

1971. The analysis of the heats of steel from which the rails in this curve were

rolled is shown in the following tabulation:

Heat
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FIGURE 17

I'.i RLINGTON NORTHERN INC.
RAIL SECTION RE 132 LB HIGH SILICON

DIVISION Pacific

Laid September 19, 1971

INSPECTION DATE 8-17-72
Near Berne, Washington

X0260 - BIO
LOW RAIL

Gauge
56-5/8'

X0262 - Bll
HIGH RAIL

X0260 - CIO
LOW RAIL

Gauge
56-5/8"

X0262 - Ell
HIGH RAIL

X0262 - D14
LOW RAIL

/?

X0261 - B15
HIGH RAIL

Gauge
56-5/8"

CURVE NO. 89, DEGREE 6°- 15', Superelevation 2- 1/2"
Tonnage to August 1, 1972 - 16, 124,400 G. T.

high- and low-side rails for comparison of wear. The wear pattern on the head
of the high- and low-side rails appeared normal at the time of this first inspection
and any comments at this time as to the relative merits of the two types of rails
under comparison would be premature. The contour tracings are shown in Figures
17 through 20.

(Text continued on page 66)
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FIGURE 18

BURLINGTON NORTHERN INC.
RAIL SECTION RE 132 LB HIGH SILICON

DIVISION Pacific

Laid September 19, 1971

INSPECTION DATE 8-17-72

Near Berne, Washington

X0262 - E14
LOW RAIL

X0261 - D15
HIGH RAIL

Gauge
56-1/2"

CURVE NO. 89, DEGREE 6°-15\ Superelevation 2-1/2'

Tonnage to August 1, 1972 - 16, 124, 400 G. T.
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FIGURE 19

BURLINGTON NORTHERN I\( .

RAIL SECTION RE 115 LB CURVEMASTER

DIVISION Pacific

Laid September 19, 1971

INSPECTION DATE 8-17-72

Near Berne, Washington

71M222 - CI
LOW RAIL

Gauge
56-5/8"

62 Ml 37 - B12
HIGH RAIL

67 Ml 50 - D25
LOW RAIL

Gauge
56-5/8"

67M150 - F8
HIGH RAIL

59M188 - B25
LOW RAIL

Gauge
56-5/8'

CURVE NO. 89, DEGREE 6°-15», Superelevation 2- 1/2"

Tonnage to August 1, 1972 - 16, 124, 400 G. T.
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FIGURE 2

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB CURVEMASTER

DIVISION Pacific

Laid September 19, 1971

INSPECTION DATE 8-17-72
Near Berne, Washington

67 Ml 50 - E24
LOW RAIL

Gauge
56-5/8"

62 Ml 37 - D7
HIGH RAIL

62M139 - B14
LOW RAIL

Gauge
56-5/8"

f

69M179 - E14
HIGH RAIL

67 Ml 50 - B27
LOW RAIL

71M224 - D5
HIGH RAIL

Gauge
56-1/2"

CURVE NO. 89, DEGREE 6
C - 15 ', Superelevation 2- 1/2"

Tonnage to August 1, 1972 - 16, 124, 400 G. T.

Bui. 644
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Inspection ok Test Installations on the Burlington Northern
in Wisconsin and Minnesota

Acknowledgment

Inspection of the rail in three service test curve installations on the Burlington

Northern (formerly Great Northern) in Wisconsin and Minnesota was made on

September 21, 1972 by me following individuals:

A. R. DeRosa, supervisor rail and detector cars, BN
K. W. Schoeneberg, executive research engineer, AAR
G. C Knupp, Bethlehem Steel Corporation

Service Test of Rails Rolled from Continuously Cast Blooms

Continuously cast blooms approximately 9.5 in. square were produced from

a 35-ton electric furnace heat by the Fives Gille Company of Cail, France. The
blooms of 0.66 carbon and 0.75 manganese steel were rolled into rails at Hutten-

werk Rheinhausen, Germany on October 10, 1961, in section S49M (German),
approximately 98.57 lb per yard.

After considerable testing at the AAR Research Laboratory and the University

of Illinois, four rails were installed on October 13, 1964 by the former Great
Northern in the No. 1 lead track at the east end of the Allouez, Wis. yard.

The four 39-ft rails were laid in the high side of a 7° 30' curve, with 1% in.

superelevation. The rails were joined together with four-hole 90-lb GN joint bars.

The end rails were joined by machined four-hole compromise joint bars to 110-lb

GN rails (1937). All bolt holes in the rails were drilled in the field.

By the time of this inspection, the rails had carried approximately 59,237,400
gross tons of traffic. Considerable curve wear, light head checks and light flaking

were noted on each of the four rails. The three west rails were marked by light

wheel burns. Otherwise the installation appeared normal. There was little or no
evidence of lubrication on the rails.

Contour tracings were made at a point 10 ft from the west or receiving end
of each rail and are shown in Figure 21.
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FIGURE 21

BURLINGTON NORTHERN INC.
100 LB. RAIL GERMAN SECTION S-49M

ROLLED FROM CONTINUOUSLY CAST BLOOMS
PLACED OCTOBER 13, 1964 IN LEA D NO. I, ALLOUEZYARD ON A 7°30' CURVE WITH SUPERELEVATION - 1-3/4"

AT SUPERIOR. WISCONSIN

HIGH RAIL ONLY

Gauge 1/ Gauge

Gauge 56- 1/2"

INSPECTION DATE 0-21-72

Gauge 56-5/8"

Gauge Gauge

Gauge 56-3/4" Gauge 56-1/2

Tonnage to August 3 1, 1972 - 59,237, 400 G. T.
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Service Test of 115 RE Fulhj-Heat-Trcated Rails (Curve 20)

This installation of 115 RE fully-heat-treated rails on the ore-carrying tracks

of the former Great Northern Railway in curve 20, east of Carlton, Minn, is exten-

sively described in the AREA Proceedings, Volume 57, 1956), pages 837 to 850,

and Volume 63, (1962), pages 540 to 543.

The 88 fully-heat-treated rails were installed in both the high and low sides

of the 4° curve, No. 20, on February 7, 1951. On May 17, 1961, 65 of the rails

were transposed alter 384,000,000 gross tons of traffic. During this same period

two sets of standard rails were worn out in the high side of the comparative 4°

curve, No. 22.

Approximately 221,281,900 gross tons of traffic have passed over the rails

from the time of the transposition to August 31, 1972, bringing the total gross tons

carried to 605,281,900 at the time of this September 1972 inspection.

The present condition of each of the heat-treated rails now in the high side

of curve 20 is shown in the accompanying tabulation. At the time of the 1968

inspection a total of 16 rails contained shells, 11 rails contained gauge corner

Haking in some degree, 2 rails showed only head checks and 13 remained clear of

gauge corner developments. The number of rails containing shells increased one

for a total of 17, and one more rail was noted to contain flaking by the time of this

1972 inspection. The size of the shells was small for the most part, but in some

rails they were numerous. Eleven rails remained clear of gauge corner developments.

Three rails have been removed for service developments.

The low-side rails appeared in good condition. All the rails have taken the

transposition very well but are continuing to show an increase in the typical service

developments.

The curve oiler was not functioning properly, and all rails were relatively clean

on the gauge corner.

Contour tracings were made on both high and low side rails and are shown
in Figures 22, 23 and 24.

The rails were installed February 7, 1951. High-side rails Nos. 7 through 38

were moved to the low side of curve, and were replaced by low-side rails in direct

transposition May 17, 1961. Rails numbered 1 to 6 and 39 to 43 were not trans-

posed. The condition of the high-side rails at the time of this September 21, 1972

inspection (C) is shown along with the July 23, 1968 (B) and the June 21, 1967

(A) observations. The asterisks indicate rails on which contours were taken 10 ft

from receiving end. Contours taken directly opposite on low rail are indicated by

brackets ( )

.

Rail No. Identity Remarks

1 B9 (A) Clear—not transposed
( B ) Clear—not transposed
(C) Clear—not transposed

2 H14 (A) H14 rail moved into low side of curve to
Replaced with replace rail E3 which cracked through build-up
standard Illinois weld into 2nd bolt hole
rail as indicated

(B) Same as (A)
(C) Numerous shells throughout replacement rail

3 Hll (A) Clear—not transposed
( B ) Clear—not transposed
(C) Clear—not transposed
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lil No. Identity
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Rail \o.
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Rail No.
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FIGURE 22

BURLINGTON NORTHERN INC.

RAIL SECTION RE LIS LB. FULLY HEAT TREATED

DIVISION Wisconsin
Laid February?, 1951

INSPECTION DATE 9-21-72

Transposed May 17, 1961

8.0%
89521 - H12
LOW RAIL

Near Carlton, Minn.

Gauge

5.4%
89521 - F 8

HIGH RAIL

M. P. 33, CURVE NO. 20. DEGREE 4°, Superelevation 3", Gauge 56-3/8"

9.0%
89521 - F10
LOW RAIL

Gauge
6.3%

89521 - B13
HIGH RAIL

M.P. 33, CURVE NO. 20, DEGREE 4°, Superelevation 3", Gauge 56-7/8"

"N

Tonnage to August 24, 1961 - 394, 225, 777 G. T.
Tonnage to August 31, 1972 - 605, 281,900 G. T.
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FIGURE 23

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB. FULLY HEAT TREATED

DIVISION Wisconsin
Laid Februarv 7, 1951

INSPECTION DATE 9-21-72

Transposed May 17, 1961

Near Carlton, Minn.

12.0%
89521 - F3
LOW RAIL

Gauge
9. 0%

89521 - E9
HIGH RAIL

M. P. 33, CURVE NO. 20, DEGREE 4°, Superelevation 3", Gauge 56-3/4'

10. 0%
89521 - B3
LOW RAIL

5.9%
89521 - G14
HIGH RAIL

M. P. 33, CURVE NO. 20, DEGREE 4% Superelevation 3", Gauge 57

2%
89521 - B10
LOW RAIL

Gauge
8. 2%

39521 - 113

HIGH RAIL

M. P. 33, CURVE NO. 20, DEGREE 4', Superelevation 3", Gauge 56-7/8"

Tonnage to August 24, 1961 - 394, 225, 777 G. T.

Tonnage to August 31, 1972 - 605,281,900 G.T.
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FIGURE 24

BURLINGTON NORTHERN INC.
R ML SECTION RE 115 LB. FULLY HEAT TREATED

DIVISION Wisconsin
Laid Februa ry 7 . 195

INSPECTION DATE 9-2 1-72

Transposed May 17. 1961

Noar Carlton, Minn.

14.9%
89521 - D6
LOW RAIL

Gauge

/

7.9%
89521 - E8
HIGH RAIL

M.P. 33, CURVE NO. 20, DEGREE 4', Superelevation 3", Gauge 56-7/8"

17.0%
89521 - C7
LOW RAIL

Gauge
12.9%

S9521 - H6
HIGH RAIL

M.P. 33, CURVE NO. 20, DEGREE 4°, Superelevation 3", Gauge 57-1/8'

Gauge
6. 7%

89521 - B5
HIGH RAIL

M.P. 33, CURVE NO. 20, DEGREE 4°, Superelevation 3", Gauge 56-3/4'
Tonnage to August 24, 1961 - 394, 225, 777 G. T.
Tonnage to August 31, 1972 - 605, 281, 900 G. T.
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Service Test of 115 RE Fully-Heat-Treated 78-Ft Electric Flash Butt Welded and
39-Ft Columbium-Treated Rails (Curve 22)

The installation of the 39-ft 115 RE Columbium-treated rails and the 78-ft

electric flash butt welded fully-heat-treated rails on the former Great Northern
Railway's ore-carrying track in curve 22, east of Carlton, Minn., is descril>ed in

the AREA Proceedings, Volume 63, (1962), pages 533 to 535 and pages 540 to

543, respectively.

Following removal of the second set of regular non-heat-treated rails from the

4 curve, No. 22, which were being compared with the fully-heat-treated rails in

the 4° No. 20 curve, curve 22 was laid with Columbium-treated and 78-ft butt

welded fully-heat-treated rails on May 17, 1961.

Starting in the spiral at the west end of the curve, 8 rails of steel bearing

different amounts of Columbium were installed in the high side and 7 rails in the

low side of the curve. The section 1150 Columbium rails were produced by CF&I
Steel Corporation, from steel bearing £ lb, % lb and 1 lb Columbium per ton.

One 78-ft flash butt welded fully-heat-treated rail preceded and 16 followed

the Columbium-treated rails in both the high and low sides of this curve. The fully-

heat-treated rails were produced at Steelton and were flash welded into 78-ft lengths

by the former Great Northern (NCG),

The accompanying tabulation shows the original track lineup of the rails and
notes the conditions observed at die time of the June 21, 1967 inspection (A),

the July 23, 1968 inspection (B), and the current 1972 inspection (C). It will be

noted that the 78-ft fully-heat-treated rail preceding the Columbium-treated rails

in both the high and low sides of the curves were lost in a derailment in 1964.

By the time of this September 21, 1972 inspection, both the Columbium-treated

and fully-heat-treated rails had carried approximately 209,0.56,200 gross tons of

traffic. At the time of the 1968 inspection three of the high-side Columbium rails

had been removed on account of service developments, and four of the five re-

maining in the high side of die curve had developed from six to numerous small

shells each, and many more suspicious areas were observed. Only the first Columbium
rail in the receiving end of the curve (V* lb/ton Cb) showed no evidence of shelling

at the time of diat inspection. Only three of the eight Columbium rails remained

in the high side of the curve at the time of the current inspection, and each was

badly shelled, flaking and worn. The low-side Columbium rails were badly crushed

and rough with heavy field side fins.

"It would appear diat the rails having the greater amounts of Columbium
have less resistance to these service developments." The preceding is quoted from

the 1968 inspection report and still appears to be a sound analysis. In fact, there

appears to be some question at this time whether the Columbium rails have done as

well as regular rails previously installed in the high side of this curve, with the

possible exception of the two rails in the % lb/ton Columbium category.

The 78-ft flash butt welded fully-heat-treated rails continued to appear good.

Of die 32 rail lengths making up the 16 high-side 78-ft rails, light flaking was noted

in 18, medium flaking in 5, heavy flaking in one and only head checks were observed

in 2. Six lengths remained clear of gage corner developments.

The weld areas showed no evidence of additional flow. In fact, it was necessary

to search the web area for the upset in most cases to locate the welds. Only slight

flow was in evidence in the low-side rails with no indication of chipping or crushing.

Contour tracings were made on rails as indicated in the tabulation, and are

shown in Figures 25 through 28.
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Section 115 RE—78-Ft Flash Butt Welded Fully-Heat-Treated Rails—Steelton

(CT)—Rolled 12/1960

Section 1150—39-Ft Columbium-Treatcd Rails—CF&I (Cb)—Rolled 3/1960

(A) 6/21/67 Inspection, (B) 7/23/68 Inspection, (C) 9/21/72 Inspection

Starting in tangent—West to East

High (north) Rail

78' CT48366-F7/48326-B14

(lost in derailment 1964)

39' 12143-E7C (X lb/ton Cb)
•(A) Clear. Moderate flow.

"(B) Clear. Moderate flow.

•(C) Numerous shells throughout.

39' 12143-F8C (JS lb/ton Cb)
•(A) 4 shells: 18", 3', 5', 6' from

leaving end. 2 suspicious areas

7' to 8'.

•(B) 6 shells as above including

suspicious areas. Moderate

flow.

(C) Out of service.

39' 12143-E8C (£ lb/ton Cb)
(A) Removed April 1967 a/c de-

tected detail fracture.

(B) Out of service.

( C ) Out of service.

39' 12143-E9C (1 lb/ton Cb)
(A) Used Inland rail replaced Co-

lumbium rail in 1965 due to

detector car indication. Badly

shelled prior to removal.

(B) Out of service.

(C) Out of service.

39' 12143-F9C (1 lb/ton Cb)
*

( A ) 9 small shells plus several sus-

picious areas. Medium flaking.

•(B) Numerous small shells and

flaking throughout.

(C) Out of service.

39' 12143-A9C (1 lb/ton Cb)
(A) Removed but date unknown.

Badly shelled prior to removal.

(B) Out of service.

Low (south) Rail

78' CT82175-E12/48327-E13

(Lost in derailment 1964).

39' 12143-C7C (J£ lb/ton Cb)
•(A) Moderate flow.

•(B) Moderate flow.

•(C) Moderate flow.

39' 12143-D7C (M lb/ton Cb)

•(A) Moderate flow.

"
( B ) Moderate flow.

*(C) Moderate flow.

39' 12143-C8C (g lb/ton Cb)
•(A) Moderate flow. Former burns

still noted.

•(B) Moderate flow. 1966 burns

still apparent.

•(C) Same as (B).

39' 12143-C9C (1 lb/ton Cb)
*(A) Moderate flow.

•(B) Moderate flow. Slightly broken

head surface due to flow.

•(C) Badly crushed head.

39' 12143-D9C (1 lb/ton Cb)
°(A) Moderate flow. Slight wheel

slip marks leaving half.

°(B) Slip marks gone. Considerable

flow and associated head chip-

ping throughout.

•(C) Badly crushed and chipped

head.

39' 12143-A8C (8 lb/ton Cb)
•(A) Moderate flow. Slight wheel

slip marks receiving 5'.

*(B) Chipping from crushing head
throughout.



Rail Research and Develop m e n

t

C) Out of service.

77

39' 12143-D8C (% lb/ton Cb)
°(A) 3 shells plus numerous sus-

picious spots.

•(B) Numerous small shells and
flaking throughout.

*(C) Numerous heavy shells

throughout.

39' 12143-A7C (% lb/ton Cb)
"(A) Shell 15' from receiving end

and 1' from leaving end plus

numerous possible shells.

•(B) Shell 15' from receiving end
and 1' and 3' from leaving

end plus numerous possible

shells. Considerable checking

and flaking.

•(C) Conditions similar but more

severe.

78' •CT82175-F12/48326-G15

*(A) (See Below).

•(B) (See Below).

•(C) Light flaking spots both rails.

78' CT82175-D8/48326-B17

(C) D8 clear; heavy flaking B17.

78' CT48326-F9/48326-D12
(C) Light flaking spots both rails.

78' CT82175-B5/48326-D15

(C) Head checks both rails.

78' °CT82175-D9/48326-Fll

(C) Head checks and light flaking

spots both rails.

78' CT82175-E4/48326-D10

(C) Light flaking spots E4; head

checks and light to medium
flaking D10

78' CT48326-H7/48326-H13
(C) Light flaking areas both rails.

78' CT82175-G4/48326-C15

(C) Light flaking spots both rails.

78' CT82175-C1/48326-H11

(C) Light flaking CI; medium
flaking Hll.

78' •CT82175-F7/48326-D17

(C) Light flaking both rails.

"(C) Badly crushed and chipped

head.

39' 12143-F7C (% lb/ton Cb)
•(A) Moderate flow.

*(B) Crushing areas throughout.

•(C) Same as (B).

78' •CT82175-F1/48327-E12
•(A) (See Below).

•(B) (See Below).

•(C) (See Below).

78' CT82175-E6/82175-B17

78' CT82175-G10/48326-E15

78' CT82175-G13/48327-C13

78' •CT48326-E8/48326-F12

78' CT48326-G7/48327-G20

78' CT88325-D19/82175-F17

78' CT88326-F19/48326-F15

78' CT48326-F19/48327-F12

78' •CT82175-G11/48326-D14

78' CT82175-G1/48327-D12
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78' CT82175-H4/48326-G11

(C) Light Haking both rails.

78' CT82175-H14/82175-F18
(C) Light to medium flaking both

rails.

78' CT48326-C10/48326-B11

(C) Medium to heavy flaking and

rec. end chipped CIO; light

flaking Bll.

78' CT82175-D13/48326-H12

( C ) ( Last rail in spiral

)

Light flaking receiving half

D13. Heavy curve wear a/c

line; H12 clear.

78' CT82175-E7/82175-F15

(C) Both rails clear.

78' CT82175-G6/48326-C14

(C) Both rails clear.

78' CT82175-E1/48326-C17

78' CT82175-B8/48326-F17

78' CT82175-B3/48326-E12

78' CT48326-C7/48326-E13

78' CT82175-F4/82175-G16

° Contour tracings taken 10 ft from receiving end. The fully-heat-treated rails showed very
little flow in the high and low rails, markedly less than the Columbium rails at the time of (A)
and ( B ) inspections. Evidence of head checks, which are now worn away, was noted in the gage
corner of the high rails in the middle of the curve.
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FIGURE 25

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB. COLUMBIUAI ADDED

DIVISION Wisconsin
Laid Mav 19, 1961

INSPECTION DATE 9-21-72

Near Carlton, Minn.

4. 3%
12143 - E7C
1/4 lb/ton Cb
HIGH RAIL

Gauge

M. P. 34, CURVE NO. 22, DEGREE 4°, Superelevations", Gauge 56-1/2'

Rail Removed Prior to 1972

12 143 - F8c
1/2 lb/ton Cb

Gauge
4. 8

12 143 - C7c
1/4 lb/ton Cb
LOW RAIL

V

M. P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-3/8"

Gauge

(I

12143 - D7c
1/4 lb/ ton Cb
LOW RAIL

*">

M. P. 34, CURVE NO. 22, DEGREE 4° , Superelevation 3", Gauge 56-1/2'

Tonnage to August 31, 1972 - 209, 056, 200 G. T.



80 Bulletin 644—American Railway Engineering Association

FIGURE 26

BURLINGTON NORTHERN INC.

RAIL SECTION RL 115 LB. COLUMBIUM ADDED

DIVISION Wisconsin
Laid May 19, 1961

INSPECTION DATE 9-21-72

Near Carlton, Minn.

Gauge

6. 5%
12143 - C8c
1/2 lb/ton Cb
LOW RAIL

V

M. P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-1/2'

Rail Removed Prior To 1972

12143 - F9c

1 lb/ton Cb

Gauge

6. 7%
12143 - C9c
1 lb/ton Cb
LOW RAIL

M. P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 57'

Gauge

8. 7%
12143 - D9c
1 lb/ton Cb
LOW RAIL

M. P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-5/8'

Tonnage to August 31, 1972 - 209, 056,200 G. T.



Rail Research and Development

FIGURE 27

BURLINGTON NORTHERN INC.
R.AIL SECTION RE 115 LB. COLUMBIUM .ADDED

DIVISION Wisconsin
Laid May 19, 1961

INSPECTION DATE 9-21-72

Near Carlton, Minn.

9. 8%
12143 - D8c
1/2 lb/ton Cb
HIGH RAIL

Gauge

7. 3

12143 - A 8c

1/2 lb/ton Cb
LOW RAIL

P

M.P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-3/4"

11.7%
12143 - A 7c

1/4 lb/ton Cb
HIGH RAIL

Gauge

M .P. 34, CURVE NO. 22, DEGREE 4, Superelevation 3", Gauge 56-7/

Tonnage to August 31, 1972 - 209, 056, 200 G. T.

Bui 644
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FIGURE 28

BURLINGTON NORTHERN INC.
RAIL SECTION RE 115 LB. 78 FT. FULLY HEAT TREATED

DIVISION Wisconsin
Laid May 17, 1961

INSPECTION DATE 9-21-72

4. !.<"m

CT82175 - F12
HIGH RAIL

Near Carlton, Minn.

Gauge
4. 0%

CT82175 - Fl
LOW RAIL

M°P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-3/4"

4.6%
CT82175 - D9
HIGH RAIL

Gauge
3. 8%

CT48326 - El

LOW RAIL

M.P. 34, CURVE NO. 22, DEGREE 4', Superelevation 3", Gauge 56-3/4"

5.7%
CT82175 - F7
HIGH RAIL

\

Gauge
2.7%

CT82175 - Gil
LOW RAIL

M.P. 34, CURVE NO. 22, DEGREE 4°, Superelevation 3", Gauge 56-5/8"
Tonnage to August 31, 1972 - 209, 056, 200 G. T.
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Improved Fair® Rail Anchors

XL-1 Fair® Rail Anchors

Poly-Insulated Rail Joints®

Insulated Poly-Plates®

Portec-Bond® Insulated Rail Joints

Insulated Rail Joints

Standard Rail Joints

Portec Compromise Joints

Portec Rail Joint Insulation Kits

Portec Rail and Flange Lubricators

Mack Switch Point Protectors

For Details Contact:

PORTEC inc.

300 WINDSOR DRIVE
OAK BROOK, ILLINOIS 60521

Telephone: 312-325-6300

In Canada:

PORTEC Ltd.

500 DOMINION SQUARE BLDG.,

MONTREAL, QUE.
Telephone: 514-866-9368

I

inc.
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no matter how
you look at it

there is just

one toilet

that stands alone,

one toilet that

has gained
general acceptance
world wide,
one toilet familiar

to all who have ever
flown in an airplane,

traveled in a bus,

sailed in a boat,

or lived in a
recreational vehicle,

the one chemical
retention toilet

now available,

designed especially

to recognize
the rugged requirements,

for all your
sanitation needs:

locomotive
caboose
work equipment . .

.

the Vapor NEWMATIC* toilet,

the toilet used
by more than 40 railroads* *

become more familiar,

write

Transportation Systems Div.

Vapor Corporation
6420 West Howard Street

Chicago, Illinois 60648
In Canada-
Vapor Canada Limited

VAPOR
CORPORATION

TRANSPORTATION SYSTEMS DIVISION

*TM Monogram Industries, Inc.

"names furnished on request

Turn Your Track Salvage

Into Extra Dollars

Allow Us To Quote Top

Prices For Your Surplus

Rail and Accessory Items.

CONTACT

VALIANT STEEL AND EQUIPMENT, INC.

P. O. BOX 17598

ATLANTA, GEORGIA 30316

Phone: (404) 243-3731 For Prompt Response
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SWITCH TAMPERS FOR ALL YOUR JOBS

UNIVERSAL UYT-2W75 YARD, SWITCH & SPOT TAMPER

This versatile tamper is a new addition to the
popular Plasser Universal line. Even though the
UYT 2W75 has a lower original cost, it is equipped
with two of the exclusive Plasser four-tool tamping

heads with individually tiltable tamping arms,
which insures the tamping of every tie through
switches and turnouts without the use of outside
or ground jacks.

This Universal UYT 2W75 tamper is particularly

adaptable for yard work where it has proven itself

as a money saver. The reasonable price plus its

ability to do a fine job tamping switches and doing
spot work suggest yard assignment. It can be
equipped with automatic lifting and leveling equip-

ment as well as automatic lifting correction with
cross level indicator. You should see one of these
tampers in service and we will be pleased to make
the necessary arrangements for you to do so at
your convenience. You will be convinced that it is

a superior machine.

PLASSER AMERICAN CORPORATION

(*>. for *

)

GENERAL OFFICES & PLANT
2001 MYERS ROAD

CHESAPEAKE, VIRGINIA 23324
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Advertisement

KEEPING TRACK
IS OUR *"

• ABRASIVE RAIL

CUTTER

• 6-HOLE RAIL DRILL

STRUCTURAL
CLEARANCE RECORDERS

©1969 CHEMETRON CORPORATION

CHEMETRON CORPORATION

RAILWAY PRODUCTS DIVISION

111 EAST WACKER DRIVE, CHICAGO, ILLINOIS 60601

CHEMETRON
TRADEMARK
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NORDBERG®

"ORGANIZED MECHANIZATION"

for lower track maintenance costs
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1. SELF-PROPELLED
ADZER

2. BALLAST ROUTER

3. HYDRA-SPIKER

4. LINE INDICATOR

5. PLATE PLACER

6. POWER JACK

7. TRACK WRENCH

8. RAIL DRILL

9. RAIL GANG SPIKER

10. RAIL GRINDER

11. SCARIFIER-INSERTER

12. SPIKE HAMMER

13. SPIKE PULLER

14. SPIKE STRAIGHTENER

15. SURF-RAIL GRINDER

16.SWITCHLINER

17. TIE-AXE

18. TIE DRILL

19. TIE SPACER

20.TRAKLINER®

21.TRAK-SURFACER

22. TRACK SHIFTER

23. X-LEVEL INDICATOR

For right-of-way

maintenance, Nordberg
groups these time-saving

Mechanical Muscles® into

efficient working teams—
Organized Mechanization

to stretch your track

maintenance dollars. Write

Nordberg, Box 383,

Milwaukee, Wisconsin 53201

.

Jtexnoid
I/fffflf
Nordberg Machinery Group
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M & S No. 561 GREASE TYPE LUBRICATOR

OVER 1800 IN SERVICE

The M & S No. 561 Grease Type Lubricator

is simple in design, durable in construction

and efficient in operation. It was designed,

developed and tested to meet modern rail-

road conditions where maintenance costs on
equipment of this nature must be held to an
absolute minimum.

This Grease Type Lubricator was designed
and developed by Moore & Steele Corpora-
tion, a company which has been actively

engaged in developing and manufacturing
rail and flange lubricators since 1932. The
M & S No. 561 Grease Type Lubricator In-

corporates the time and service tested prin-

ciples developed during 40 years experience
in the field of rail lubrication.

ALSO MADE IN DOUBLE RAIL MODEL

MOORE AND STEELE CORPORATION
OWEGO, TIOGA COUNTY, N. Y. 13827

U. S. A.

Assure lower maintenance costs, better performance with

Texaco

Railroad Lubricants

and Systematic
Engineering

Service
[texaco]

New York • Atlanta • Chicago • Minneapolis • St. Louis • San Francisco
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HABCOj Satisfaction through service

Specialists and manufacturers in the field of vegetation control.

SOIL STERILANTS
GRANULES—HABCO HYCHLOR . . . HABCO

5H . . . HABCO 10K . . .

HABCO 1 0T . . . HABCO
BROMEX

LIQUIDS —CHLORATE-BORATE . . . HYVAR
X . . . KARMEX . . . TELVAR
. . . ATRATOl . . . PRAMITOL

CONTACT CHEMICALS

DACONATE . . . DACAMINE
OF ALL KINDS

BRUSH CONTROL

2,4-D'i

AMMATE . . . HABCO 10B . . . ALL COM-
BINATIONS OF 2,4-D and 2,4,5-T

YOUR APPLICATION OR OURS

HABCO INCORPORATED
Our regional representatives are as close as your telephone.

D. Douglas Boatright

Room 604, Transportation Bldg.

Birmingham, Ala. 35203
205/252-6715

Donald E. Horn*
7301 West lake St.

Minneapolis, Minn. 55426
612/929-4689

Robert E. Lund
1040 Coulter

Winnipeg 3, Manitoba
204/786-3421

John A. Forderhate
J. R. McCambridge
2251 Armour Road

North Kansas City, Mo. 64116
816/421-1488

Two Racine machines to cut your
rail anchoring costs...
New "ANCHOR-MATIC"
Pre-set and apply most types of anchors fast,

with one man, one machine. Operator places
single or double anchors on feeder rack and
hydraulic power does the rest — smoothly,
precisely, automatically.

Adjustable stops prevent over-driving. Unit is

self-propelled at 15 mph; pivots on hydraulic
jack to any position.

Original "ANCHOR-FAST"
Popular, proven machine for applying driven-on

and tool-applied anchors. Squeezes single or

boxed anchors against ties, then presses them on
rail base with smooth hydraulic power. Adjustable
stops prevent over-driving. Self-propelled at

15 mph; can be rotated 180° with hydraulic jack.

ANCHOR-TIGHT attachment available for

repositioning old anchors.

RACINE RAILROAD PRODUCTS, INC.
1524 FREDERICK STREET • RACINE, WISCONSIN 53404
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The Allegheny Insulated Rail Joint-

Designed to withstand the heaviest traffic

in welded rail

This modern joint cements rail ends in position and thereafter

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs. It reduces rail and wheel batter

to a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233
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The Insulating Joint So Rugged

It Nearly Wore Out The -^

Rolling Load

Machine! -

®

OTHER JOHNSON
RAILROAD PRODUCTS

INCLUDE:

Rubber/Nylon

Insulated Tie Plate

Double Seal Traction

Motor Sleeve

1/ulcaBond
Here's an insulating joint built from

experience on hundreds of successful

rail installations. Its uniquely formulated

"Blue" compound, bonded to take

the vertical and horizontal stress of

rail traffic, has proven that after

2,000,000 cycles on a 44,400

pound load roll test, it doesn't fail!

For a premium quality joint without

premium cost—one that saves

dollars in installation and maintenance

cost—get the facts about the dependa-

Micarta or

Glass Filled Molded

Polycarbonate End Posts

1
bility of "Blue" Vulca Bond now.

Write for data

The JOHNSON RUBBER COMPANY
RAILROAD AND MINING PRODUCTS DIVISION

16025 JOHNSON STREET. MIDDLEFIELD. OHIO 44062
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KERITE
CABLE

For dependability in actual use, no other cable

matches Kerite. We believe you will be im-

pressed by the evidence.

THE KERITE COMPANY
PRINCIPAL OFFICES: Boston; Chicago; New
York; Philadelphia; San Francisco; and
Seymour, Connecticut • Sales Representa-
tion throughout the United States. A sub-

sidiary of Harvey Hubbell Incorporated.

RITE insulation that makes the difference

10625 Franklin Ave.
Franklin Park, III. 60131

455-4400

RAILROAD CONSTRUCTION
COMPLETE MAINTENANCE
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What's he

Drilling one of 12,000

inspection holes in

this 1300' creosoted

pine trestle

Why?
to locate internal

decay and evaluate

remaining timber

strength.

That's what we
mean by inspection

and in-place treatment

OSMOSE WOOD PRESERVING CO.

OF AMERICA, INC.

980 Ellicott St., Buffalo, N . Y. 14209
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S e a I t i t e

HOOK
BOLT

Fastenstimbers and
ties to steel beams.
Easy to install, iong-

life. Fins prevent
turning. Sealtite

Spring Lock holds

tension even when
timber changes due
to weather or wear.

Three more
workhorse

products
from Lewis

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on
grade crossings, bridges and docks. Wide,

smooth head seals opening, wears well.

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge

guard rails and general timber construc-

tion. One-piece head. Easy to install.

e BOLT & NUT COMPANY

504 Malcolm Ave. S.E. Minneapolis, Minn. 55414 Phone 6121378-1371
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TIE HANDLER from RTW...

with 24-foot-reach
articulatingboom!

Lifting capacity-1500 lbs. at 12'6" to

750 lbs. fully extended.

• New rotating deck design

...no adjustments needed

• Thermostatic controlled

oil temperature in

hydraulic circuit

• Low maintenance

• Hydrodynamic plus

mechanical brakes,

on all four wheels

Many other features for high production, low maintenance. Choice of two

other tubular-type booms (all interchangeable): Fixed 24-ft.. and manually

adjustable 18-24-ft. From RTW, the people with the longest experience in

tie handling. Get full details today. Call (215) 739-4281.

RTW
OTHER RTW MAWTENHNCE EQUIPMENT • Switch Grinders • Cross Grinders • Surface Grinders • Riil Drills • Tie HmdlerJ M £ MB £K

RAILWAY TRACK-WORK CO. 2560 East Tioga St., Philadelphia, Pa. 19134.
Agents: Chicago—ESCO Equipment Service Co. Houston

—

Service Equipment

& Supply Company. Los Angeles—Simkins Company. Louisville—T. F. Going.

St. Louis—R. E. Bell Co. Canada: Montreal—Woodings-Canada Ltd.
"l'
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Channeloc
Massive, unique channel shape pro-

vides tremendous gripping power. Its

great tensile strength adds years to

service life . . . and saves replacement
costs. Channeloc is applied easily and quickly with

minimum ballast disturbance . . . and can be re-

applied.

Cliploc . . . designed, tested and proven for modern
concrete tie installations. Choose from standard
Cliploc or insulated Cliploc with permanent fiber-

glass-reinforced epoxy for 100% insulation.

Two
lorthe
road

Cliploc'

...and then some!
To assure continued quality control, True Temper
maintains a Field Service Department. These field

engineers spot-check rail anchor applications and
return at specified intervals to check in-service

durability.

[E?5] IRUE lEMPER
\^^~J RAILWAY APPLIANCE DIVISION

INDUS TRIES

is protected by U S Patent Numbers 3.102 690 —3.113.327 — 3.159.198. Cliploc is protected by US Patent Number 3,477.642
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"IF IT'S RAILROAD WORK,

WE CAN DO IT"

• NEW SWITCH TRACKS BUILT, REPAIRED
AND COMPLETELY MAINTAINED

• 24-HOUR EMERGENCY REPAIRS

• TRACK MATERIALS

V. N. DEPRIZIO CONSTRUCTION CO.
the original

RAILROAD CONTRACTORS

3001 West Soffell Avenue

MELROSE PARK, ILLINOIS 60160

Established 1937

Main Office and Yard Phones:

Chicago 261-8827 Suburban 345-8380

ILLINOIS INDIANA WISCONSIN

219-787-8576
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for ADVANCE DESIGN, HIGH PERFORMANCE
Maintenance-of-Way Equipment

Jackson/Jordan makes it easier than ever
to have an advance design, high per-

formance maintenance-of-way fleet. Take
advantage of our new

TRADE-IN PLAN
WARRANTED MACHINE REMANUFACTURIND PLAN
CUSTOM LEASING PLAN
SHORT TERM RENTAL PROGRAM

Icsctiot €5€»r-|»_
Lansing, Illinois 60438 • (312) 895-0100

Jackson Railroad Equipment Co. • Jordan Company
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WELD 60-80
STRAIGHT OR COMPROMISE

* JOINTS

DAILY!

THERMIT® SELF-PREHEAT
RAIL WELDING

THE MODERN IN-TRACK METHOD
• AUTOMATIC, ERROR-FREE PRE-HEATING AND

TAPPING OF WELD METALS
• EASY, COLD REMOVAL OF RISERS
• MINIMUM GRINDING
• NO EQUIPMENT TO PURCHASE OR LEASE

COMPLETE THERMIT RAIL WELDING DE-

TAILS PLUS JOB-SITE DEMONSTRATIONS.
WRITE OR CALL

THERMEX METALLURGICAL, INC.
LAKEHURST, N. J. 08733 • (201) 657-5781

SALES OFFICES IN MAJOR CITIES
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The Perfect Mate
Miles and miles of dependable anchorage with economical maintenance . . . UNIT RAIL ANCHORS
The dependable strength of high-carbon, high-manganese steel, tempered by an improved process ... a special spring-

type design which compensates for base-wear and corrosion . . . combined into a rugged, champion anchor that CANNOT
BE OVERDRIVEN. UNIT RAIL ANCHORS can be used and re-used over again ... NO REFORMING OR SHIMMING NEEDED.

Extra-wide section assures easy, uniform application by hand or machine, and causes little or no damage to rail or anchor

from derailed wheels. Provides safer anchorage without dangerous spike throatcutting.

Lower first cost, higher reapplication value — UNIT RAIL ANCHOR leads the field in economy, strength, safety, and de-

pendability. Put all this to work for YOU.

NOW AVAILABLE — UNIT 11 — The same high quality Unit Anchor at a lower cost, made from a slightly lighter section of

steel, for requirements where the VERY HIGH HOLDING POWER and RESERVE STRENGTH of the Standard Unit is not

considered necessary.

Hubbard Super Steel and Super
Service Alloy TRACK SPRING
WASHERS . . . manufactured to

meet all current A.R.EA
specifications

Hubbard Carbon and Alloy

Track Tools to meet current

A.R.EA specifications and

U.S. Department of Commerce
Simplified Practice

Recommendations.

UNIT RAIL ANCHOR COMPANY

Pittsburgh. Pa. 15201

(412) 781 4800

Midwest Office: 332 S. Michigan Ave.

Chicago. III. 60604

MC MB Eft (312)427-7442

RPJ
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TELEWELD
INC.

Rail Maintenance Service

Rail End Welding
Rail End Hardening

CWR Joint Normalizing
Frog and Switch Welding

MEMBER

RRI
RAILWAY

|

INSTITUTE ^k»

Rail Maintenance Equipment
Custom Manufacturing and Fabrication

Joint Bar Shims
Rail Anchor Shims
Rail End and Frog and Switch

Welding and Grinding Machines
CWR Heating and Cooling Equipment
Rail Flaw Testing Equipment
Telebrineller Portable Hardness Tester

Infra-Red Heater for Curing Adhesive Bonded Rail Joints

TELEWELD INC., 416 NORTH PARK ST., STREATOR, ILL. 61364

Write for details of the TELEWELD process for restoring rail ends.



Report of Special Committee on Concrete Ties

R. J. Brueske

K. C. Edscorn

W. E. Fuhr

C. L. Gatton

ML B. Hansen

D. L. Terman

T. C. Netherton

E. L. Robinson

J. W. Weber

J. R. Williams

Committee

G. H. Way,
Chairman

To the American Railway Engineering Association:

Your committee presents as information the following preliminary specification

for concrete ties and fastenings—a complete revision and reorganization of the initial

draft of this specification which was published as information in Bulletin 634,

September-October 1971 (Proceedings Volume 73). Comments and criticisms are

invited.

In its final form, this specification, after formal approval, is intended to be

inserted in the AREA Manual for Railway Engineering as Part 6, Chapter 3.

The Special Committee on Concrete Ties,

G. H. Way, Chairman.
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FOREWORD
This specification is intended to provide necessary guidance in the design, manu-

facture and use of concrete ties and their components for main line standard gage

railway track systems. The specification contains minimum performance requirements

of components for concrete tie railway track based on a variety of permissible tie

spacings and ballast depths. Track constructed of tie and fastener components meeting

the specifications applicable to the anticipated usage should be expected to give

satisfactory performance under current AAR-approved maximum axle loads.

The specification covers materials, physical dimensions, and structural strength

of prestressed monoblock and prestressed and conventionally reinforced two-block

concrete ties. In addition, longitudinal and lateral load restraint requirements as

well as the electrical performance requirements of rail fastener and tie combinations

are given. Laboratory tests for the determination of the suitability of new designs

are specified, as are necessary quality-control procedures during manufacture. The

specification does not cover techniques nor equipment for the manufacture of

concrete ties or fastenings.

Where current specifications or recommended practices of other technical

societies, such as the American Society for Testing and Materials or the American

Concrete Institute, are appropriate, they are made part of this specification by

reference.
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86 Bulletin 644—American Railwa y Engineering Association

PRELIMINARY

The following definitions are applicable to this specification:

1. Cross Tie—A transverse component of a track system whose functions

are the control of track gage and the transmitting of rail loads to ballast

2. Fastening—A component or group of components of a track system

which affixes the rail to the cross ties.

3. Flexure Strength—Resistance to bending.

4. Insert—A device for securing an assembly and/or die rail to the tie. It

may be cast in the tie at the time of manufacture or placed in a cored,

cast or drilled hole in the tie.

5. Lateral Load—A load, or vector component of a load, at the gage

corner of the rail parallel to the longitudinal axis of the tie.

6. Longitudinal Load—A load along the longitudinal axis of a rail.

7. Negative Bending—Bending of a concrete tie by application of load

that produces tension in the top surface of the tie.

8. Positive Bending—Bending of a concrete tie by application of a load

that produces tension in the bottom surface of the tie.

9. Prestressing Tendon—A strand, wire or bar, within a concrete member,

which under tension, precompresses the concrete.

10. Prestressed Tie—A tie utilizing precompressed concrete and prestressing

tendons to resist flexure. Under design loads die tensile strength of the

concrete in the tension faces of the tie must not be exceeded.

11. Prestressed-Reinforced Tie—A reinforced concrete tie which, in addi-

tion to longitudinal reinforcing steel, uses prestressing tendons to resist

bending but in which tension exceeding the tensile strength of the con-

crete may occur in the precompressed concrete under design loads. If

cracks do occur, the resulting crack widths must not exceed specified

values.

12. Pretensioned Concrete Tdz—A prestressed concrete tie using pretension

tendons to precompress concrete.

13. Posttensioned Concrete Tie—A prestressed concrete tie using post-

tension tendons to precompress concrete.

14. Posttensioned Tendon—A reinforcing member which adds structural

strength to a prestressed concrete tie by placing it in compression. This

member is tensioned after the setting of concrete.

15. Pretension Tendon (strand or wire)—A reinforcing member which adds

structural strength to a prestressed concrete tie by placing it in compres-

sion. This member is tensioned prior to the placement of concrete.

16. Rail Seat—The area of the canted plane of a tie on which rail rests

that lies within the confines of the rail base.

17. Reinforced Concrete Tdz—A tie reinforced with deformed steel bars,

welded wire fabric, deformed wire, or bar or rod mats and using non-

precompressed concrete. Under design loads the tensile strength of the

concrete in the tension faces of the tie is exceeded; however, the resulting

crack widths must not exceed specified values.
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18. Reinforcement or Reinforcing Steel—Steel, excluding prestressing

tendons, introduced within a concrete tie to improve its structural

strength.

19. Structural Crack—A crack originating in the tensile face of the tie,

extending to the outermost level of reinforcement or prestressing tendons

and which increases in size under application of increasing load.

20. Vertical Load—A load or vector component of a load, at right angles

to a line joining the two rail seats of the tie and normal to the longitudi-

nal axis of the rail.

6.1 GENERAL CONSIDERATIONS

6.1.1 INTRODUCTION
In supporting train weight and guiding railway vehicles, the track structure

must restrain repeated lateral, vertical and longitudinal forces. As elements of the

track structure, individual cross ties receive loads from the rails or fastenings and

in turn transmit loads to the ballast and subgrade. Consequently, the design of a tie

affects and is affected by characteristics of other components of the track structure.

The use of concrete railway ties introduces new considerations into the design and

installation of track systems. When such systems are properly designed and the

component parts properly interrelated, installed and maintained, concrete railway tie

systems can provide track of superior quality.

The analysis of requirements for such systems must necessarily involve not only

the tie but all components of the track system, their interdependency and the condi-

tions under which they must be applied. Thus, concrete tie track systems involve:

• The rail, tie, fastenings, ballast, subgrade and base,

• The quality of each component, method of manufacture, installation and

maintenance,

• The direction, magnitude and frequency of traffic-imposed loads; the effect

of environmental factors such as temperature and weather and the overall

economics of installation and maintenance, and

• The need to support train weights and guide railway vehicles while restrain-

ing repeated lateral, vertical and longitudinal forces.

The performance specifications which follow provide the basic guidance needed

in the selection, design and application of concrete railroad tie systems. Success in

their application will require careful supervision on the part of the engineer to

ensure that all components meet required standards and that the system is properly

installed and maintained.

6.1.2 VERTICAL LOADS

6.1.2.1 Tie Spacing

The spacing affects rail flexure stress, compressive stress on ballast and roadbed

and the flexure stress generated in the ties themselves. For a given set of tie dimen-

sions and wheel loads, the consequences of increasing tie spacing are higher rail

bending moments and stresses within the individual ties. For the case of constant
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tie, ballast and subgrade characteristics, wider tie spacings bring about larger

track depression per unit of wheel load, i.e., lowered track modulus. Conversely,

reduction of tie spacing lowers unit stress and increases track modulus.

These specifications cover concrete ties intended for track designs using center-

to-center spacings of cross ties of between 20 and 30 inches.

6.1.2.2 Cross Tie Dimensions

Use of longer, wider, or stiffer ties which increase the tie-to-ballast bearing

area has many of the same effects as reducing tie spacing. There are, however,

limits beyond which an increase in tie size is ineffectual in reducing track stress

and increasing track modulus. The concentration of tie-to-ballast load decreases

with lateral distance from the rail. The rate of decrease of load with distance is

higher for flexible tie materials and designs. There is, therefore, a point beyond

which lengthening tie design will fail to significantly reduce unit bearing load. There

are, in addition, required right-of-way clearances and machinery limitations which

restrict tie length.

Widening tie design has similar benefits to increases in tie length. Widening
tie design, however, beyond the point where it is practical to compact ballast be-

neath the tie is ineffective.

These specifications cover tie designs between 7 ft 5 inches and 9 ft inches

in length and between 8 inches and 13 inches in width at their bottom surface.

6.1.2.3 Load Distribution

The foregoing discussion and the requirements following presume that wheel
loads applied to the rail will be distributed by the rail to several ties. This distri-

bution of loads has been confirmed in field investigations. The distribution of load

is dependent upon tie and axle spacing, ballast and subgrade reaction, and rail

rigidity. The percentage of wheel-to-rail load carried by an individual tie varies

from location to location. A conservative estimate of the distribution is given in

Figure 6.1.2.3.1. While rail stiffness does influence these percentages, its effect

is small compared to other factors. For the sake of simplification, the distribution

factors are shown only as a function of tie spacing. The values chosen are intended
to offset variations resulting from other influences.

6.1.2.4 Impact Factors

The requirements of these specifications are based on calculations including

an assumed impact factor. This factor is a percentage increase over static vertical

loads intended to estimate the dynamic effect of wheel and rail irregularities. An
impact factor of 50 percent has been assumed.

6.1.2.5 Ballast and Subgrade

In addition to tie size and spacing, ballast depth and subgrade modulus are also

significant in the manner a particular track design restrains vertical loading. Increas-

ing ballast depth tends to spread individual tie loads over a wider area of subgrade,
thereby reducing the unit subgrade load and consequent track depression. Thus the

effect of increased ballast depth can be similar, within limits, to that of reduced tie

spacing. Stiffer subgrades do not require as low a ballast pressure as more flexible



Concrete Ties 89

PRELIMINARY

FIGURE 6.1.2.3.1: APPROXIMATE PERCENT OF
AXLE LOAD CARRIED BY
INDIVIDUAL TIE

Based or. Material reported
Second Progress Report of
Special Committee on Stress

in Railroad Track, AREA
Proceedings Vol.21 pp 645-

for wood ties 3 feet long

35

3: —

i

22.5
~I
3020

1
25 27.5

CENTER TO CENTER TIE SPACING IN INCHES

(1; id on an incr£ase of 10% due to greater ir.ass and stiffness of concrete ties.
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subgrades. Consequently, they are better able to tolerate wider tie spacings, smaller

ties, more shallow ballast depths, or all three without failure or excessive track

depression.

6.1.2.5.1 Ballast and Ballast Pressure

The engineer must insure that the design of track does not result in over-stress

of ballast or subgrade. To do so, consideration must be given to wheel loads, dis-

tribution factor, impact factor, unit bearing capacities of the ballast and subgrade,

and to cross tie dimensions and spacing.

6.1.2.5.1.1 Ballast Pressure

While tie-to-ballast pressure is not uniformly distributed across or along the

bottom of a cross tie, an approximate calculation can be made of "average" pressure

at the bottom of the tie. The maximum ballast pressure has been found to occur

several inches below this interface. Consequently, the calculated value of average

ballast pressure at the bottom of the tie understates the maximum ballast pressure.

The average pressure at the tie bottom is equal to axle load, modified by distribution

and impact factors, and divided by the bearing area of the tie:

Average Ballast Pressure (psi) = t

where: P = wheel load in pounds.

IF = Impact factor in percent.

DF = distribution factor in percent (from Figure 6.1.2.3.1).

A = tamped bearing area of cross tie in square inches.

The recommended ballast pressure should not exceed 8-5 psi for high-quality,

abrasion-resistant ballast. If lower quality ballast materials are used, the ballast

pressure should be reduced accordingly.

6.1.2.5.1.2 Subgrade Pressure

The pressure exerted by ballast on the subgrade depends upon the tie-to-ballast

pressure, the load distribution pattern through the ballast, and the depth of ballast.

Refer to Section 6.12.

6.1.3 LATERAL LOADS
The lateral loads generated by moving railway equipment are applied by wheel

treads and flanges to the rails, which in turn must be held in place by fastenings,

ties and ballast.

* For example: Given 8 ft 6 inches long by 12 inches wide concrete ties with bearing length

of 33 inches on each end of ties, what is the calculated value of bearing pressure for a locomotive
with 30,000-lb wheel load if the ties are to be spaced at 28 inches?

Average Ballast Pressure (psi) = 2P
|_

1 +
loo
-
J \ 100 )
A

60,000 [1.5] (.57)

(33+ 33) 12

51300
792
64.8 psi
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Lateral stiffness of rail distributes lateral loads to fasteners and their ties.

Structural strength of fastenings and ties hold the rail to gage. The mass of ties,

friction between die ties and ballast, lateral bearing area of ties (end surface), and

the mass of ballast all act to restrain lateral tie movement.

Lateral track stability can, therefore, be increased by decreasing tie spacing

of ties of similar dimensions, increasing tie mass, increasing end bearing area of ties

per unit length of track, and by increasing frictional resistance between ties and

ballast. Structural strength of fastenings must be commensurate with the lateral load

individual ties restrain, which in turn is determined by lateral rail stiffness and tie

spacing.

The magnitude of lateral loads which must be restrained depends not only

upon the dimensions, configuration, weight, speed and tracking characteristics of

the equipment, but also upon the geometric characteristics of the track structure.

Both the gross geometry—whether the track is straight, curved or how sharply

curved—and the detail geometry—the irregularities and small deviations from de-

sign—influence the magnitude of lateral load.

These specifications cover fasteners capable of restraining individual lateral

wheel-to-rail loads of up to 14,000 pounds per linear foot of track when these lateral

loads are accompanied by vertical loads of a similar magnitude.

6.1.4 LONGITUDINAL LOADS
The longitudinal load developed by the combination of thermal stress in

continuous welded rail and by traffic is transferred by the fastenings to the ties and

ultimately restrained by mass internal friction of ballast. Consequently, the longi-

tudinal bearing area (side area) of ties per unit of track length, friction between

bottom of ties and ballast, and physical properties of ballast ultimately determine

the track resistance to longitudinal movement. Resistance to rail movement with

respect to ties is determined by the characteristics of fasteners. While total restraint

of longitudinal rail movement is generally desirable, there are situations where such

restraint is impractical or undesirable. In conventional track construction, the limiting

factor in longitudinal restraint is most often ballast resistance. These specifications,

therefore, apply to track designs incorporating a minimum of 210 square inches of

side of tie area per linear foot of track and to fasteners for use on such track, offering

1480 lb resistance to longitudinal rail movement per linear foot of rail.

6.1.5 RAIL

6.1.5.1 Flexure Requirement

The interaction of rail and ties has been discussed in Articles 6.1.3 and 6.1.4

with respect to distribution factors, tie spacing, and vertical loads. The flexure stress

generated in rail under load is a function of applied bending moment and the section

modulus of rail. Rail bending moment is in turn determined by wheel load, axle

spacing, and track modulus. Most modern rail sections are capable of bearing current

wheel loads on tie spacings of up to 30 inches with normal ballast support without

distress. It is recommended that the engineer calculate the maximum bending stress

for rail sections lighter than 100 lb/yd if their use is anticipated. The following

equation may be used for this purpose:
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Mc _ Pc 4/ El

J I V 64m

Where: S = maximum fiber stress in rail (psi).

c = distance from neutral axis to outer edge of base or head ( inches )

.

I = moment of inertia of rail section (inches4
).

E = modulus of elasticity of steel ( psi )

.

^ = track modulus (pounds/inch/inch).

P = wheel load (pounds).

M _ */ EI= V 64w
== bending moment (inch-pounds).'

6.1.5.2 Rail Joints

(a) To achieve the maximum benefits and economy from the use of concrete

railroad ties it is recommended that, in main-line track, they be used in conjunction

with continuous welded rail. If concrete ties are used in conventional bolted track

or at the ends of continuous welded rail, care should be exercised to see that the

juncture of two rails does not occur over a concrete tie. The magnitude of impacts

on a tie placed under die juncture of two rails could be destructive to the rail seat

and fastenings in high-speed track.

(b) It is recommended that concrete ties not be installed within the limits

of insulated joints or widiin the limits of special timber dimensions of turnouts and

crossovers.

6.1.5.3 Effect of Mass on Track Stability

(Under development)

6.2 MATERIAL

6.2.1 GENERAL

Because it is impractical at this time to provide a performance test to assure

the durability of concrete ties and their accessories, it is necessary to include specifi-

cations for the materials used in their manufacture. Deviation from the material

specifications may only be made with the prior approval of the engineer.

**For example: Given track modulus of 3,000 lb/inch/inch and 90-lb RA-A rail with
I = 38.7 inches1 and c = 2.54 inches, what tensile stress is developed under a 30,000-lb wheel
load?

s = Pc< / EIVi y 64^

= 30,000 (2.54) */ OP (
10 >

8
<
38 -7 >

38^7 y 64 (3,000)

= 1968.9 [ a/ 6046.8 ] = 17,362 psi

00 "First Progress Report of the Special Committee on Stresses in Track, Vol. 19 AREA
proceedings, p. 887.
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6.2.2 CONCRETE
The minimum 28-day-design compressive strength of concrete used for concrete

ties shall be 7000 psi as determined by ASTM Method of Test C 39. The test cylin-
ders shall be made and stored as specified in ASTM Specification C 31."*

6.2.2.1 Cement

Cement shall be portland cement and shall meet the requirements of ASTM
Specification C 150. Air-entraining cement, if used, shall also meet the requirements
of ASTM C 150.

6.2.2.2 Aggregates

Both fine and coarse aggregates shall meet the requirements of the AREA
Specifications for Aggregates, Part 1, Section C, Chapter 8 of the AREA Manual.

6.2.2.3 Mixing Water

Mixing water shall meet the requirements of the AREA Specifications for Mixing
Water, Part 1, Section D, Chapler 8 of the AREA Manual. In addition, the mixing
water, including that portion of the mixing water contributed in the form of free

moisture on the aggregates, shall not contain deleterious amounts of chloride ion.'
2 '

6.2.2.4 Admixtures

Additives containing chlorides shall not be used.

6.2.2.5 Curing

It is recommended that the concrete be cured by a method or procedure such

as set forth in Part 1, Section P, Chapter 8 of the AREA Manual.

6.2.3 METAL REINFORCEMENT

6.2.3.1

Wire and strands for tendons in prestressed concrete shall conform to "Specifi-

cations for Uncoated Seven-Wire Stress-Relieved Wire for Prestressed Concrete"

(ASTM A 421). Strands or wire not specifically itemized in ASTM A 416 or A 421,

including strands with constructions other than those listed in A 416, may be used

provided they conform to at least the minimum requirements of these ASTM
specifications and have no properties which make them less satisfactory than those

listed in ASTM A 416 or A 421.

6.2.3.2

High-strength alloy steel bars for posttensioning tendons shall be proof-

stressed during manufacture to 85 percent of the minimum guaranteed tensile

strength. After proof stressing, bars shall be subjected to a stress-relieving heat

treatment to produce die prescribed physical properties. After processing, the

physical properties of the bars when tested on full sections, shall conform to the

a) If the results of performance tests demonstrate satisfactorily to the user that the resistance

to abrasion and weathering of the concrete is adequate in the railway track environment, the pro-

visions of this requirement may be waived.

<2) A chloride ion content greater than 400 ppm might be considered detrimental, and it

is recommended that levels well below this value be maintained if practicable.

Chloride ions contained in the aggregate and in admixtures should be considered in evaluating

the acceptability of total chloride ion content of the mixing water. (From the commentary to

ACI 318-71).
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following minimum properties: Yield strength (0.2 percent offset): 0.85/' s where

fa is the ultimate strength of the prestressing steel in psi. Elongation at rupture in

20 diameters: 4 percent. Reduction of area at rupture: 20 percent.

6.2.3.3

Reinforcing bars shall conform to one of the following specifications, except

that yield strength shall correspond to that determined by tests on full-size bars;

and for reinforcing bars with a specified yield strength of the reinforcing steel, /„,

exceeding 60,000 psi, fy shall be the stress corresponding to a strain of 0.35 percent.

(a) "Specifications for Deformed Billet-Steel Bars for Concrete Reinforce-

ment" (ASTM A 615).

(b) "Specifications for Rail-Steel Deformed Bars for Concrete Reinforce-

ment" (ASTM A 616). If bars meeting these specifications are to be

bent, they shall also meet the bending requirements of ASTM A 615 for

Grade 60.

(c) "Specifications for Axle-Steel Deformed Bars for Concrete Reinforce-

ment" (ASTM A 617).

6.2.3.4

Plain bars for spiral reinforcement shall conform only to the strength require-

ments and minimum elongation of the appropriate specification prescribed in Art.

6.2.3.3.

6.2.3.5

Reinforcement to be welded shall be indicated on the drawings and the welding

procedure to be used shall be specified. The ASTM specification shall be supple-

mented by requirements assuring satisfactory weldability by this procedure in

conformity with "Recommended Practices for Welding Reinforcing Steel, Metal
Inserts, and Connections in Reinforced Concrete Construction" (AWS D 12.1).

The supplementary specification requirements shall be designated in the order, and
conformance with these requirements shall be confirmed by the supplier at the time

of delivery.

6.2.3.6

Bar and rod mats for concrete reinforcement shall be the clipped type con-
forming to "Specifications for Fabricated Steel Bar or Rod Mats for Concrete Rein-
forcement" (ASTM A 184).

6.2.3.7

Plain wire for spiral reinforcement shall conform to "Specifications for Cold-
Drawn Steel Wire for Concrete Reinforcement" (ASTM A 82), except that f„ shall

be the stress corresponding to a strain of 0.35 percent if the yield strength specified

in the design exceeds 60,000 psi.

6.2.3.8

Welded plain wire fabric for concrete reinforcement shall conform to "Specifi-

cations for Welded Steel Wire Fabric for Concrete Reinforcement" (ASTM A 185),
and to the stipulation of Art. 6.2.3.7 regarding measurement of fv , except that

welded intersections shall be spaced not farther apart than 12 inches in the direction

of the principal reinforcement.
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6.2.3.9

Deformed wire for concrete reinforcement shall conform to "Specifications for
Deformed Steel Wire for Concrete Reinforcement" (ASTM A 496), except that
wire shall not be smaller than size D-4' 3

' and that /„ shall be the stress corresponding
to a strain of 0.35 percent if the yield strength specified in the design exceeds
60,000 psi.

6.2.3.10

Welded deformed wire fabric for concrete reinforcement shall conform to
"Specifications for Welded Deformed Steel Wire Fabric for Concrete Reinforcement"
(ASTM A 947) and to the stipulation of Art. 6.2.3.9 regarding measurment of /,„

except that welded intersections shall be spaced not farther apart than 16 inches in

the direction of the principal reinforcement.

6.2.3.11

Steel pipe or tubing for composite members shall conform to one of the

following:

(a) Grade B, ASTM A 53.

(b) ASTM A 500.

(c) ASTM A 501.

(d) Grade specified by the manufacturer and supported by design and lest

data subject to the approval of the engineer.

6.2.3.12

Structural steel used in conjunction with reinforcing for composite members
shall conform to one of the following:

(a) ASTM A 36.

(b) ASTM A 242.

(c) ASTM A 440.

(d) ASTM A 441.

(e) ASTM A 588.

(f) Grade specified by manufacturer and supported by design and test data

subject to the approval of the engineer.

6.2.3.13 Reinforcement Placement and Spacing

The placement and spacing of reinforcement, prestressing steel and prestressing

ducts shall be in accordance with all applicable requirements of the AREA Manual,

Chapter 8, Part 1, Section H—Metal Reinforcement Placing, as revised in 1970

except that tolerances for placing shall meet the requirements of Art. 6.3.2.12.

6.2.3.13a Supports

Reinforcement, prestressing steel, and ducts shall be accurately placed and

adequately supported before concrete is placed and shall be secured against dis-

placement within permitted tolerances. Welding of crossing bars shall not be

permitted for assembly of reinforcement unless authorized by the engineer.

(3) Deformed wire is denoted by the letter "D", followed by a number indicating the wire's

cross sectional area in hundredths of a square inch. Thus, the minimum size deformed wire
permitted in this specification must have a cross sectional area of 0.04 square inches.
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6.2.4 TIE PADS
Abrasion-resistant pads or abrasion-, vibration- and impact-reducing pads shall

be used between the rail and concrete ties on all main-line or other heavy-traffic

tracks to minimize the possibility of abrasive action in the rail bearing area of the

ties. It is recommended that such pads also be used on other trackage.

6.2.4.1 Polyethylene Bearing Pads

Polyethylene bearing pads, if used, shall be black high-density plastic, 60 to 65

D-Durometer, meeting current ASTM Specification D 1248, Type III, Grade 3.

Hardness shall be stable between -f-140 F and —40 F.

6.2.4.2 Elastomeric Bearing Pads

Elastomeric bearing pads, if used, shall be of weather- and petroleum-resistant

materials. They shall meet the following current ASTM Test Method Specifications:

(a) ASTM Test Method D 573 for aging in air.

(b) ASTM Test Method D 395, Method B, for compression set.

(c) ASTM Test Method D 518, Procedure A and D 518-61, for resistance

to the atmospheric ozone.

(d) ASTM Test Method D 471 for resistance to water.

(e) ASTM Test Method D 471 for resistance to oil.

The hardness of such pads shall be between 60 and 80 A-Durometer as specified

by the purchaser. A tolerance of ± 5 shall be permitted from that specified. Pads

using ridges, grooves or other patterns are permissible, providing that such patterns

do not reduce the protection offered by the pad.

6.2.4.3 Other Types of Bearing Pads

Bearing pads may also be made of nylon, laminated fiber, wood or other

abrasion-resistant material. Such pads shall be used only with the approval of the

engineer and shall meet specifications provided by the engineer.

6.2.5 INSULATION
Insulation shall be used where necessary to prevent interference with signal

systems and deterioration of the fastening system through electrical leakage.

6.2.5.1 Nylon Insulators

Nylon insulators, if used, shall meet the requirements of the current ASTM
Specification D 789, Type 1, Grade 2, Specification for Nylon Injection Molding
and Extrusion Materials.

6.2.5.2 Other Insulating Materials

Other insulating materials such as epoxy coatings and fiberglass may be used
if desired as long as they provide sufficient protection against electrical leakage and
meet the approval of the engineer. (See Art. 6.9.1.14).

6.2.6 FASTENINGS
All fastening components, including hardware cast into the tie, shall be suitably

resistant to corrosion and able to withstand repeated loads within the railway track
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environment without fatigue failure or excessive maintenance requirements. Use of

metals of widely divergent electrical potential in contact or close proximity to one

another is not recommended.

6.2.6.1 Cap Screws and Rail Clips

Cap screws used with rail clips shall be a minimum of % inch in diameter and

of sufficient length to provide a minimum engagement of 1 inch hut not to exceed

1/2 inches. They shall have a minimum proof load of 28,400 lb.

6.3 TIE DIMENSIONS, CONFIGURATION AND WEIGHT

6.3.1 SPECIAL CONSIDERATIONS

6.3.1.1 Track Machinery Limitations

In addition to those considerations covered in Section 6.1 General Considerations,

the following maximum dimensions will permit tamping with many present-day

ballast tamping machines and will allow other related work to be handled in a

mechanized manner:

(a) Tie width = 13 inches

( b ) Tie depth = 10 inches

(c) Tie length = 9 ft 6 inches

6.3.1.2 Weight

For ease of handling it is recommended that the weight of tie not exceed

approximately 800 lb.

6.3.2 REQUIREMENTS
6.3.2.1 Length

The overall nominal length of concrete ties shall not be less than 7 ft 5 inches

nor more than 9 ft 6 inches. A tolerance of plus Yi inch or minus Y» inch from

nominal length is permitted.

6.3.2.2 Width

The minimum width of ballast bearing area of tie shall not be less than 8 inches.

Width of tie at top surface from rail seat area to end of tie shall not be less than

6 inches. The maximum width must not exceed 13 inches. Tolerance of ± Vs inch

from nominal width is permitted.

6.3.2.3 Minimum Depth

The minimum design depth of any section of tie shall not be less than 6 inches.

A manufacturing tolerance of + % inch and — Vs inch is permitted from design

depth.

6.3.2.4 Maximum Depth

Maximum design depth of any section of the tie shall not be more than 10

inches. A manufacturing tolerance of + 8 and — Vs inch is permitted from design

depth.

6.3.2.5 Track Gage

The concrete tie/rail fastening system shall hold track gage to ± 1/16 inch

from that specified, exclusive of mill tolerance in rail. Ties shall normally be manu-

Bul. 644
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factored for 4 ft 8J2 inches track gage. If track gage other than 4 ft 8J2 inches is

desired, it shall be so specified by the engineer. The center line of the tie shall be

within Vt inch of the center line of track gage.

6.3.2.6 Rail Cant

The rail seat shall provide for a cant of 1 in 40 ± 2 toward center line of tie

unless otherwise specified.

6.3.2.7 Rail Seat Plane

The rail seat shall be a flat smooth surface, ± 1/32 inch.

6.3.2.8 Differential Tilt of Rail Seats

A differential tilt in the direction of the rail of one rail seat to the other shall

(on a width of 6 inches) not exceed 1/16 inch.

6.3.2.9 Protrusion of Pretensioning Tendons

Strands of wires shall not project more than 1 inch beyond the ends of the ties.

6.3.2.10 End of Posttensioning Tendons

To protect against corrosion, the ends of posttensioning tendons shall not

protrude beyond die ends of the ties and shall be covered to the extent specified

in Art. 6.3.2.11 with concrete, epoxy grout or other material approved by the

engineer.

6.3.2.11 Concrete Protection for Reinforcement Against Corrosion

The following minimum specified cover for reinforcement, prestressing tendons,

ducts, or prestressing end fittings'
4
' shall be as follows:

(a) Prestressed, precast cross ties ( pretensioned or post-

tensioned ) % inch

(b) Reinforced, precast cross ties:

No. 6 bars, /4-inch wire, and smaller % inch

Other bars one bar diameter

6.3.2.12 Tolerances for Placing Reinforcement

(a) The tolerance for clear concrete protection (cover) and for depth, tZ,
<B)

for reinforcing steel shall be ± Y% inch; for prestressing tendons ± 1/16 inch.

(b) The tolerance for longitudinal location of bends in reinforcing bars shall

be ± 2' inches.

(c) The tolerance for the location of ends of reinforcing bars shall be ± J2 inch.

6.3.2.13 Surface Finish

(a) The top and side surfaces of the ties shall present a smooth, uniform

appearance. A random scattering of surface voids will not be cause for rejection.

Heavy concentrations of surface voids or evidence of improper mixing, vibrating

or curing will be cause for rejection.

u) This does not apply to the ends of pretensioning tendons which may protrude from the
end of the tie. See also Art. 6.3.2.9.

<6) Distance from extreme compression fiber to centroid of tension reinforcement.
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(b) The ends of the ties need not be flat planes or surfaces, but there shall

be no evidence of tearing of the concrete where the prestressing strands emerge or

of any void in contact with a strand.

(c) Occasional spalling of a small portion of rail seat shoulders may occur

during the stripping operation. Such spalling will not be cause for rejection unless

it involves that portion of a shoulder against which the heel of rail fastening elip

bears.

(d) Concrete ties shall be marked with indented or raised letters or numerals

to identify the manufacturer, type of tie and year of manufacture as approved by

the engineer.

6.4 FLEXURAL STRENGTH OF PRESTRESSED MONOBLOCK TIES

6.4.1 FLEXURAL PERFORMANCE REQUIREMENTS FOR PRESTRESSED
MONORLOCK DESIGNS

Table I
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6.4.2 DESIGN CONSIDERATIONS
6.4.2.1

As well as satisfying the criteria in Table I, prestressed concrete monoblock

ties must also comply with other criteria which accord with good design practice

as laid down in ACI Code 318.

6.4.2.2

It is recommended that the maximum compression at any point in the cross

tie should not exceed 2,500 psi.

6.4.2.3

Furthermore, in the case of ties to which the rails are to be fastened by elastic

fastening systems, there should be a minimum pre-compressive stress at any vertical

cross section through the rail seat area of 150 psi after all losses and without any

applied load. Because the precessional wave just ahead of the wheels will create an

uplift force from the rails to the ties and because the magnitude of this force will

depend, among other things, on the weight of the ties and the rigidity of the

fastening system, this minimum pre-compressive stress should be higher for rigid

fastening systems.

6.4.3 TEST REQUIREMENTS FOR APPROVING THE DESIGN OF A MONO-
BLOCK TIE

6.4.3.1

The minimum negative and positive flexural capacity at the rail seats of the tie

shall be as shown in Table I for the tie length and spacing to be used when tested

in accordance with the Rail Seat Vertical Load Test described in Art. 6.9.1.4.

6.4.3.2

The minimum negative flexural capacity at the center of the tie shall be as

shown in Table I for the tie length and spacing to be used when tested in accord-

ance with the Negative Bending Moment Test described in Art. 6.9.1.6.

6.4.3.3

The minimum positive flexural capacity at the center of the tie shall be as shown

in Table I for the tie length and spacing to be used when tested in accordance

with the Positive Bending Moment Test described in Art. 6.9.1.7.

6.4.3.4

The tie must meet the requirements of the Rail Seat Repeated-Load Test

described in Art. 6.9.1.5.

6.4.3.5

The tie must meet the requirements of the Bond Development or Tension

Anchorage Test described in Art. 6.9.1.8.
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6.5 FLEXURAL STRENGTH OF TWO-BLOCK TIES

6.5.1 FLEXURAL PERFORMANCE REQUIREMENTS FOR TWO-BLOCK DE-
SIGNS

Table II

Required Flexural Capacity ( Inch-Kips )
<3)

Length Tie
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surface imperfections, measurements shall be taken equidistant above and below
this level and the two values averaged to obtain the width of the crack.

(c) Cracks shall he measured using a hand-held graduated microscope of suffi-

cient power and accuracy to measure crack widths to the nearest 0.001 inch.

(d) Cracks shall not extend to prestressing tendons or longitudinal reinforcing

steel of less than % inch diameter.

6.5.1. le Table III

No. of Cracks*
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6.7 LATERAL RAIL RESTRAINT

6.7.1 RAIL FASTENING REQUIREMENTS

(a) Track constructed of concrete ties and appropriate fasteners shall not

experience gage widening of more than V* inch when lateral wheel loads of 35,000 lb

are applied to one rail. (See Art. 6.9.1.13 for design tests.)

(b) If a concrete shoulder is used to restrain the lateral movement of the rail,

a suitable bearing surface shall be provided to transmit the lateral forces to the tie.

(c) Inserts shall be arranged to distribute the load uniformly in the body of

the tie and through the rail bearing area. The rail support insert shall withstand

a pullout force of 12,000 lb. (See Arts. 6.9.1.9.1, 6.9.1.11 and 6.9.1.13 for design

tests.

)

6.8 ELECTRICAL PROPERTIES

6.8.1 REQUIREMENTS
Individual concrete cross ties for use in signal circuit tracks together with their

fastenings should be electrically isolated from the running rails so as to provide a

minimum impedance of 20,000 ohms per tie when a-c energy of 10 volts, 60 Hertz

is applied. (See Art. 6.9.1.14 for test procedure.)

6.9 TESTING OF MONOBLOCK TIES

6.9.1 DESIGN TESTS OF MONOBLOCK TIES

Prior to approval of concrete tie designs, monoblock concrete ties of the design

under study shall be subjected to testing for compliance with these specifications.

The tests specified herein shall be performed at testing facilities approved by the

engineer within 30 days of casting.

From a lot of not less than ten ties produced in accordance with these specifi-

cations, four ties will be selected at random by the engineer for laboratory testing.

For design testing of fastenings, the manufacturer shall also furnish a section of the

tie or a concrete block with rail seat and rail fastening system identical to the

concrete ties furnished for testing.

The tie block and each of the four ties submitted for testing shall be carefully

measured and examined to determine their compliance with the requirements of

Sections 6.2 and 6.3. Upon satisfactory completion of this examination, the tie block

and two ties, which shall be known and identified as Tie "1" and Tie "2", shall be

subjected to performance tests specified in Arts. 6.9.1.4, 6.9.1.5, 6.9.1.6, 6.9.1.7,

6.9.1.8, 6.9.1.9, 6.9.1.10, 6.9.1.11, and 6.9.1.12. The remaining two ties, which will

be known and identified as Ties "3" and "4", will be retained by the engineer for

further test use (Art. 6.9.1.14) and as a control for dimensional tolerances and

surface appearance of ties subsequently manufactured.

6.9.1.1 Sequence of Design Tests (Tie "1")

The sequence of design performance tests using Tie "1" shall be as follows:
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(a) Rail Seat Vertical Load Tests (described in Art. 6.9.1.4)—Shall he per-

formed on one rail seat, hereinafter designated rail seat A.

(b) Negative Bending Moment Test (described in Art. 6.9.1.6).

(c) Positive Bending Moment Test (described in Art. 6.9.1.7).

(d) Rail Seat Vertical Load Test (described in Art. 6.9.1.4)—Shall be per-

formed on the other rail seat, hereinafter designated rail seat B.

(e) Rail Seat Repeated Load Test (described in Art. 6.9.1.5)—Shall be

performed on rail seat B.

(f) Bond Development, Tendon Anchorage, and Ultimate Load Test (de-

scribed in Art. 6.9.1.8)—Shall be performed on rail seat A.

6.9.1.2 Sequence of Design Tests (Tie "2")

The sequence of design performance tests using Tie "2" shall be as follows:

(a) Fastening Insert Test (described in Art. 6.9.1.9)—Shall be performed

on all inserts.

(b) Fastening Uplift Test (described in Art. 6.9.1.10)—Shall be performed

on one rail seat.

(c) Electrical Resistance and Impedance Test (described in Art. 6.9.1.14).

6.9.1.3 Sequence of Design Tests (Tie Block)

The sequence of design performance tests using the tie blocks shall be as

follows

:

(a) Fastening Repeated Load Test (described in Art. 6.9.1.11).

(b) Fastening Longitudinal Restraint Test (described in Art. 6.9.1.12).

(c) Fastening Lateral Restraint Test (described in Art. 6.9.1.13).

6.9.1.4 Rail Seat Vertical Load Test

With the tie supported and loaded as shown in Figure VII, a load increasing

at a rate not greater than 5 kips per minute shall be applied until the load (P)

required to produce the specified rail seat negative moment from Art. 6.4.1, Table I

is obtained. This load shall be held for not less than 3 minutes, during which time

an inspection shall be made to determine if structural cracking occurs. In like man-
ner, the tie shall be supported and loaded as shown in Figure I to produce the rail

seat positive moment from Art. 6.4.1, Table I. An illuminated 5-power magnifying
glass may be used to locate cracks. If slructural cracking does not occur, the require-

ments of each portion of this test will have been met.

6.9.1.5 Rail Seat Repeated-Load Test

Following the vertical load test on rail seat B, the load shall be increased at

a rate of 5 kips per minute until the tie is cracked from its bottom surface up to

the level of the lower layer of reinforcement.

After removal of the static rail seat load necessary to produce cracking, and
substitution of J-j-inch pads for those shown in Figure I, the tie shall be subjected

to 3 million cycles of repeated loading with each cycle varying uniformly from 4 kips

to the value of LIP. The repeated loading shall not exceed 600 cycles per minute.
If, after the application of 3 million cycles, the tie can support the rail seat load
(LIP), the requirements of this test will have been met.
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6.9.1.6 Negative Bending Moment Test

With the tie supported and loaded as shown in Figure II, a load increasing at

a rate not greater than 5 kips per minute shall be applied until the load required

to produce the specified negative center design moment from Table I is obtained.

The load shall be held for not less than 3 minutes, during which time an inspection

shall be made to determine if structural cracking occurs. An illuminated, 5-power

magnifying glass may be used to locate cracks. If structural cracking does not occur

the requirements of this test will have been met.

6.9.1.7 Positive Bending Moment Test

With the tie supported and loaded as shown in Figure III, a load increasing

at a rate not greater than 5 kips per minute shall be applied until the load required

to produce the specified positive center design moment from Table I is obtained.

The load shall be held for not less than 3 minutes during which time an inspection

shall be made to determine if structural cracking occurs. An illuminated, 5-power

magnifying glass may be used to locate cracks. If structural cracking does not occur,

the requirements of this test will have been met.

6.9.1.8 Bond Development, Tendon Anchorage, and Ultimate Load Test

(a) Pretensioned concrete ties shall be tested for bond development, and

ultimate strength as specified below:

( 1 ) With the tie supported and loaded at rail seat A as shown in

Figure I, a load increasing at a rate not greater than 5 kips per

minute shall be applied as follows:

(i) If initial cracking occurs at or above LIP, a total load of 1.5P

shall be applied (the load P shall be as determined in "Rail

Seat Vertical Load Test" for positive moment),

(ii) If initial cracking occurs below LIP, a total load of 1.75P

shall be applied.

If there is no more than 0.001-inch strand slippage determined by an

extensometer reading to 1/10,000 suitably attached to the end of the

tie, the requirements of this test will have been met. The load shall then

be increased until ultimate failure occurs and the maximum load ob-

tained shall be recorded.

(b) Post-tensioned concrete ties shall be tested lor tendon anchorage, and

ultimate strength as specified below:

With the tie supported and loaded as shown in Figure I, a load

increasing at a rate not greater than 5 kips per minute shall be applied

until a total load equal to that specified in Art. 6.9.1.8 (a), (i), or (ii) is

obtained. If the tie can support this load for a period of not less than

5 minutes, the requirements of this test will have been met. The load

shall then be increased until ultimate failure of the tie occurs, and the

maximum load obtained shall be recorded.

6.9.1.9 Fastening Insert Tests

(a) Threaded-Type Inserts

To determine the ability of threaded inserts to resist the bolt tension and ability
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of the concrete rail scat to carry any differential vertical load between the rail and

the concrete tie, the following test shall be performed on each insert as shown on

Figure IV. An axial load of 12 kips shall be applied to each insert separately and

held for not less than 3 minutes, during which time an inspection shall be made to

determine if there is any slippage of the insert or any severe cracking of the concrete.

If such failures occur, then the requirements of this test will not have been met.

Inability of the insert itself to resist the 12-kip load shall also constitute failure of

this test.

Following successful completion of the insert pullout test, the following test

shall be performed on each rail fastening insert to determine its ability to resist

turning. A high-strength shoulder bolt of the proper diameter for the insert being

tested and having a threaded length of 1% inches shall be threaded into the insert

and torqued to 150 percent of the torque recommended by the fastener manufacturer

for normal installation. The load shall be held for not less than 3 minutes. Ability

of the insert to resist this torque shall constitute passage of this test.

(b) Other Fastening Inserts

Other fastening inserts shall be subject to the pull-out tests and torque test (if

applicable) in accordance with the manufacturer's recommendations and as approved
by the engineer.

6.9.1.10 Fastening Uplift Test

An 18- to 20-inch piece of the proper section of rail shall be secured to one
rail seat using a complete rail fastening assembly, including pads, bolts, clips and
associated hardware, as recommended by the manufacturer of the rail fastening

system. In accordance with the loading diagram in Figure V, an incremental load

shall be applied to the rail. The load P at which separation of the rail from pad
or pad from rail seat (whichever occurs first) shall be recorded. The load shall then

be completely released. A load of 2P shall then be applied. The inserts shall not

pull out or loosen in the concrete and no component of fastening system shall frac-

ture nor shall the rail be released.

6.9.1.11 Fastening Repeated-Load Test

(a) An 18- to 20-inch section of new rail from which loose mill scale has

been removed by wiping with a cloth shall be secured to the rail seat in the tie

block using a complete rail fastening assembly. In accordance with the loading

diagram in Figure V determine the load P that will just cause separation of the rail

from the rail seat pad or the pad from the rail seat whichever occurs first. This
load may be determined during the Fastening Uplift Test described in Article

6.9.1.10 in which case a new set of fastening clips shall be used for the repeated
load test.

(b) An 18- to 20-inch section of new rail from which loose mill scale has been
removed by wiping with a cloth shall be secured to the rail seat in the tie block

using a complete rail fastening assembly. In accordance with the loading diagram
in Figure VI, alternating downward and upward loads shall be applied at an angle

of 20° to the vertical axis of the rail at a rate not to exceed 300 cycles per minute
for 3 million cycles. One cycle shall consist of both a downward and an upward
load. The magnitude of the upward load shall be 0.6P where P is the load deter-
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mined in part (a) of this article. If springs are used to generate the upward load

the downward load shall he 30 kips plus 0.6P. If a double-acting hydraulic rain is

used to generate both the upward and the downward load, the downward load shall

be 30 kips.

This repeated load test may generate heat in elastomeric rail seat pads. Heat
build-up in such pads must not be allowed to exceed 140 F. Heat build-up can be
controlled by reducing the rate of load application or by providing periods of rest

to allow cooling of the pad to take place.

Rupture failure of any component of the fastening system shall constitute

failure of this test.

For this test, retorqueing of threaded elements subsequent to the completion

of 500,000 cycles of load shall not he permitted without the written approval of

the engineer.

6.9.1.12 Fastening Longitudinal Restraint Test

Following the performance of the Fastening Repeated Load Test, above, and

without disturbing the rail fastening assembly in any manner other than retorqueing

anchor bolts, the tie and fastening shall be subjected to a longitudinal restraint test.

A longitudinal load shall be applied as shown in Figure X in increments of 500 lb

with readings taken of longitudinal rail displacement after each increment. Readings

of rail displacement shall be the average of the readings of two dial indi-

cators reading to 1/ 10,000th of an inch, one placed on each side of the rail with

their plungers parallel to the longitudinal axis of the rail. The load shall be applied

in a direction coinciding with the longitudinal axis of the rail. The load shall be

increased incrementally until a load of the value specified in Art. 6.6.2 for the an-

ticipated tie spacing is reached. This load shall be held for not less than 15 minutes.

The rail shall not move more than 0.25 inch during the initial 3-minute period, and

there shall be no further movement of the rail after the initial 3 minutes. The

fastening shall be capable of meeting the requirements of this test in either direction.

If these criteria are met, the tie and fastenings will have successfully passed this test.

6.9.1.13 Lateral Load Restraint Test

With an 18- to 20-inch section of new (unworn) rail affixed to the tie block

in a manner appropriate to the fastening being used, the entire assembly is supported

and loaded as shown in Figure XI. The exact angular relationship shown may varj

± 3°; however, the exact angle must be read and recorded to the nearest 30 minutes

and held constant throughout the test. The vertical load (P) is increased incre-

mentally in steps of 2,500 lb up to 10,000 lb. Beyond 10,000 lb and up to the maxi-

mum load of 41,000 lb the load is applied in increments of 1,000 lb. The load shall

be transmitted from the head of the test machine through a flat wooden block of

thickness no greater than 1 inch. After each increment of load, the tie block and

rail fastener assembly is examined for indications of distortion, wear or failure and

measurement taken of rail rotation and translation. Outward movement of gage

line"' of the rail of M inch or greater under the load of 41.000 lb constitutes failure

of this test. Complete failure of any component of the tie or fastening is cause for

rejection.

"> A line ". inch below the tup surf. ice of the rail on the gage side of the head parallel to

the longitudinal axis.
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6.9.1.14 Electrical Impedance Test

( a ) Two short pieces of rail are affixed to the tie, selected from Ties "3" and
"4", using tie pads, insulators and fastenings in a manner appropriate to the fastening

system to be used.

(b) The complete assembly shall be immersed in water for a minimum of 6

hours.

(c) Within 1 hour after removal from water an a-c 10-volt 60-Hertz potential

is applied across the two rails for a period of 15 minutes. If the rails are rusty or

contain mill scale, the contact points must be cleaned.

(d) The current flow in amperes is read using an a-c ammeter and the im-

pedance determined by dividing the voltage (10) by the current flow in amperes.

(e) If the ohmic impedance determined in (c) above exceeds 20,000' ohms,

the tie will have passed the test.

6.9.1.15 Electrical Short Test

The two inserts of each rail seat shall be connected together electrically and

the tie checked for an electrical short between the two rail seats. The check shall be

made by connecting one side of a commercial 110 volt a-c potential to one rail seat

and the other side through a 75-watt light bulb to the opposite rail seat. Lighting

of the bulb indicates direct short circuit.

6.9.2 PRODUCTION QUALITY CONTROL OF MONOBLOCK TIES

After the tie and rail fastening system have passed the tests in Art. 6.9.1 and
have been approved by the engineer, further production of these items may proceed
without further design testing. During production of such an approved design,

quality-control tests must be performed to assure a uniform, high-quality product.

6.9.2.1 Daily Production Quality-Control Tests

The following production quality-control tests shall be performed prior to de-

livery and within 30 days of manufacture on one tie selected at random from every

200 ties or fraction thereof produced each day:

(a) The distance from center of track to center of rail seats shall be verified

and, by use of a template, the rail seat configuration and insert location

shall be verified for compliance with the requirements of Art. 6.3.2.

(b) The Rail Seat Vertical Load Test, Art. 6.9.1.4, shall be performed.

(c) The Fastening Insert Test, Art. 6.9.1.9, shall be performed on one insert

per tie.

(d) The Electrical Short Test, Art. 6.9.1.15, if applicable, shall be performed.

6.9.2.2 Additional Quality-Control Tests

To assure the production of cross ties and rail fastenings which comply with
these specifications, the manufacturer shall institute whatever additional quality-

control tests, including concrete compressive strength tests (see Art. 6.2.2), he may
deem necessary.

6.9.2.3 Failure to Pass Production Quality-Control Test

Should any test tie fail the tests required by Art. 6.9.2.1, two additional ties

from that same 200-tie lot shall be tested. In the event either of these ties fails, 100
percent of the remainder of the 200-tie lot shall be either tested or rejected.
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6.9.2.4 Disposition of Test Ties

Ties that pass the testing requirements and are not cracked or otherwise dam-
aged after testing will be considered acceptable for use in track.

6.9.2.5 Bond Development or Tendon Anchorage Quality-Control Test

One tie selected at random from every 2,000 ties produced shall be subjected

to the Bond Development or Tendonage Anchorage Test described in Art. 6.9.1.8.

If the tie does not meet the requirements of 6.9.1.8, three additional ties shall be
tested, and if any of the three ties do not meet the requirements of 6.9.1.8, the entire

lot may be rejected at the option of the engineer.

6.9.2.6 Location for Inspection and Quality-Control Testing

Quality-control testing of production ties may be performed at any test facility,

including such facilities at the manufacturer's plant, provided they meet the approval

of the engineer. Testing may be observed by the engineer or his designated repre-

sentative if he so elects. Two copies of the results of all such tests shall be sub-

mitted to the engineer within 7 days of the performance of the tests.

6.10 TESTING OF TWO-BLOCK TIES

6.10.1 DESIGN TESTS OF TWO-BLOCK TIES

Prior to approval of two-block tie designs, concrete ties of the design under

study shall be subjected to testing for compliance with these specifications. The
tests specified herein shall be performed at testing facilities approved by the engi-

neer within 30 days of casting.

From a lot of not less than ten ties produced in accordance with these specifi-

cations four ties will be selected at random by the engineer for laboratory testing.

For design testing of fasteners the manufacturer shall also furnish a section of the

tie or a concrete block with rail seat and rail fastening system identical to the

concrete ties furnished for testing.

The tie block and each of the four ties submitted for testing shall be carefully

measured and examined to determine their compliance with the requirements of

Sections 6.2 and 6.3. Upon satisfactory completion of this examination, the tie block

and the two ties, which shall be known and identified as Ties "1" and "2", shall

be submitted to performance tests. The remaining two ties, which will be known

and identified as Ties "3" and "4", will be retained for further use and as a control

for dimensional tolerances and surface appearances of ties subsequently manufactured.

6.10.1.1 Sequence of Tests (Tie "1")

The sequence of design tests performed with Tie "1" shall be as follows:

(a) Rail Seat Positive Moment Test (described in Art. 6.10.1.4) shall be

performed on each rail seat.

(b) Rail Seat Negative Moment Test (described in Art. 6.10.1.5) shall be

performed on each rail scat.

(c) Center Negative Bending Moment Test (described in Ait. 6.10.1.6).

(d) Center Positive Bending Moment Test (described in Art. 6.10.1.7).

(e) Rail Seat Repeated Load Test (described in Art. 6.10.1.8).

(f) Rail Seat Ultimate Load Test (described in Art. 6.10.1.9).



11 Bulletin 644

—

American Railway Engineering Association

PRELIMINARY

6.10.1.2 Sequence of Tests (Tie "2")

The sequence of design tests performed with Tic "2" shall be as follows:

(a) Fastening Insert Tests (described in Art. 6.10.1.10) shall be performed

on all inserts.

(b) Fastening Uplift Test (described in Art. 6.10.1.11) shall be performed

on one rail seat.

(c) Electrical Resistance and Impedance Test (described in Art. 6.10.1.15).

6.10.1.3 Sequence of Tests (Tie Block)

The sequence of design tests performed with the tie block shall be as follows:

(a) Fastening Repeated Load Test (described in Art. 6.10.1.12).

(b) Fastening Longitudinal Restraint Test (described in Art. 6.10.1.13).

(c) Fastening Lateral Restraint Test (described in Art. 6.10.1.14).

6.10.1.4 Rail Seat Positive Bending Moment Test

With tie supported and loaded as shown in Figure I, a load increasing at a

rate not greater than 5 kips per minute shall be applied until the load (P) required

to produce the specified rail seat design positive moment from Art. 6.5.2, Design

Flexural Requirements for Two-Block Ties, Table II, is obtained. This load shall

be held for not less than 3 minutes, during which time an inspection shall be made
to determine if structural cracking occurs. An illuminated 5-power magnifying glass

may be used to locate cracks. If structural cracking does not occur or (in the case

of reinforced or partially prestressed ties) crack widths do not exceed the widths

specified in Art. 6.5.1.3 (c), the requirements of this test will have been met.

6.10.1.5 Rail Seat Negative Bending Moment Test

With tie supported and loaded as shown in Figure VII, a load increasing at a

rate not greater than 5 kips per minute shall be applied until the load (P) required

to produce the specified rail seat design negative moment from Table II is obtained.

This load shall be held for not less than 3 minutes, during which time an inspection

shall be made to determine if structural cracking occurs. If structural cracking does

not occur, or (in the case of reinforced or partially prestressed ties) crack widths

do not exceed the widths specified in Art. 6.5.1.3 (c), the requirements of this test

will have been met.

6.10.1.6 Center Negative Bending Moment Test

With the tie supported and loaded as shown in Figure VIII, a load increasing

at a rate not greater than 5 kips per minute shall be applied until a load of 7 kips

causing a moment of 35,000 inch-pounds has been reached. If structural cracking

does not occur on the gage faces of the blocks and the deflection at the center of

the ties does not exceed 0.5 inch, the requirements of this test will have been met.

6.10.1.7 Center Positive Bending Moment Test

With the tie supported and loaded as shown in Figure IX, a load increasing

at a rate not greater than 5 kips per minute shall be applied until a load of 7 kips

causing a moment of 35,000 inch-pounds has been reached. If structural cracking

does not occur on the gage faces of the blocks and the deflection at the center of

the ties does not exceed 0.5 inch, the requirements of this test will have been met.
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6.10.1.8 Rail Seat Repeated-Load Test

With the tie supported and loaded as shown in Figure I, one rail seat of du-
ties shall be subjected to 3 million cycles of repeated loading with each cycle vary-
ing uniformly from 4 kips to the value (LIP) required to produce the specified
rail seat positive bending moment from Table II.

The repeated loading shall not exceed 600 cycles per minute. If, after the

application of 3 million cycles, the tie can support the load (LIP), the requirements
of this test will have been met.

6.10.1.9 Rail Seat Overload and Ultimate Load Test

With the tie supported and the other rail seat loaded as shown in Figure I,

a load increasing at a rate not greater than 5 kips per minute shall be applied until

a total load of 1.75P is obtained. If the tie can support this load for a period of
not less than 5 minutes, the requirements of this test will have been met. The load
shall then be increased until ultimate failure of the tie occurs, and the maximum
load obtained shall be recorded.

6.10.1.10 Fastening Insert Tests

(a) Threaded-Type Inserts

The test procedure specified in Art. 6.9.1.9 (a) shall be used to determine
the acceptability of threaded-type inserts.

(b) Other Fastening Inserts

Other fastening inserts shall be subject to the pull-out tests and torque tests

(if applicable) in accordance with the manufacturer's recommendations and as

approved by the engineer.

6.10.1.11 Fastening Uplift Test

An 18- to 20-inch piece of rail of the proper section shall be secured to one

rail seat using a complete rail fastening assembly, including pads, bolts, clips, and

associated hardware, as recommended by the manufacturer of the rail fastening

system. In accordance with the loading diagram in Figure V, an 18-kip load shall

be applied and held for not less than 3 minutes. The inserts shall not pull out or

loosen in the concrete and no component of the rail fastening system shall suffer

any permanent deformation.

6.10.1.12 Fastening Repeated-Load Test

The Fastening Repeated-Load Test shall be performed following the test pro-

cedure specified in Art. 6.9.1.11.

6.10.1.13 Fastening Longitudinal Restraint Test

Following the performance of the Fastening Repeated-Load Test, Art. 6.10.1.12,

and without disturbing the rail fastening assembly in any manner other than re-

torqueing anchor bolts, the Fastening Longitudinal Restraint Test shall be performed

following the test procedure specified in Art. 6.9.1.12.

6.10.1.14 Fastening Lateral Restraint Test

The tie and fastening shall be tested for lateral restraint following the test

procedure specified in Art. 6.9.1.13.
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6.10.1.15 Electrical Impedance Test

The tie and fastening shall be tested for electrical conductivity following the

test procedure specified in Art 6.9.1.14.

6.10.2 PRODUCTION QUALITY CONTROL OF TWO-BLOCK TIES

After a tie and rail fastening system have passed the tests in Art. 6.10.1 and

have been approved by the engineer, further production of these items may proceed

without further design testing. During production of such an approved design,

quality-control tests must be performed to assure a uniform high-quality product.

6.10.2.1 Daily Production Quality-Control Tests

The following production quality-control tests shall be performed prior to de-

livery and within 30 days of manufacture on one tie selected at random from every

200 ties or fraction thereof produced each day.

(a) The distance from center of the tie to the center of the rail seats shall

be verified and by use of a template, the rail seat configuration ( includ-

ing shoulders and inserts if they are used) shall be verified for com-
pliance with the requirements of Art. 6.3.2.

(b) The Rail Seat Positive Moment Test, Art. 6.10.1.4, shall be performed.

(c) The Fastener Insert Test, Art. 6.9.1.9, shall be performed.

(d) The Electrical Impedance Tests, Art. 6.9.1.14, if applicable, shall be

performed.

6.10.2.2 Additional Quality-Control Tests

To assure the production of cross ties and rail fastenings which comply with

these specifications, the manufacturer shall institute whatever additional quality-

control test, including concrete compressive strength tests (see Art. 6.2.2.1), he

may deem necessary.

6.10.2.3 Failure to Pass Production Quality-Control Test

Should any test tie fail the tests required by Art. 6.10.2.1 above, two additional

ties from that same 200-tie lot shall be tested. In the event either of these ties fails,

100 percent of the remainder of the 200-tie lot shall be either tested or rejected.

6.10.2.4 Disposition of Test Ties

Ties that pass the testing requirements and are not cracked or otherwise

damaged after testing will be considered acceptable for use in track.

6.10.2.5 Rail Seat Overload Quality-Control Test

One tie selected at random from every 2,000 ties produced shall be subjected

to the Rail Seat Overload Load Test described in Art. 6.10.1.9. If the tie does not

meet the requirements of Art. 6.10.1.9, three additional ties shall be selected at

random and tested. If any of the three additional ties do not meet the requirements

of Art. 6.10.1.9, the entire lot may be rejected at the option of the engineer.

6.10.2.6 Location for Inspection and Quality-Control Testing

Quality-control testing and inspection of production ties may be performed

at any test facility, including such facilities at the manufacturer's plant, provided

they meet the approval of the engineer. The engineer shall be notified in advance

of dates scheduled for quality-control tests. Testing may be observed by the engineer
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or his designated representative if he so elects. Two copies of all such tests shall

be submitted to the engineer within 7 days of the performance of the tests.

6.11 RECOMMENDED PRACTICES FOR SHIPPING, HANDLING,
APPLICATION AND USE

6.11.1 SHIPPING
Concrete ties should be shipped in open-top cars. Ties must be securely braced

for transportation to prevent any movement that will cause damage. Ties shall be
shipped in a horizontal position and braced with wooden spacer blocks in such a

manner that the top surface or cast-in-place hardware does not contact ties loaded

above. Ties shall not be loaded higher than the top of the cars nor more than six

layers deep. The purchaser shall specify the size of shipments in accordance with

unloading facilities.

6.11.1.1 Protection of Threaded Inserts

If cast-in-place threaded inserts are included in ties, they shall be protected

against entry of water and foreign matter by means of a plastic cap, plug or other

suitable device approved by the engineer. Caps or plugs shall be placed in position

at the time of manufacture, left in place during shipping and not removed until

fastenings are affixed to the ties.

6.11.2 HANDLING
Unnecessary handling, redistribution and reloading of concrete ties should be

avoided. To the extent practical, ties should be distributed in proper position for

use without further handling. They shall be unloaded from cars in a manner that

will not damage the ties. In no case shall ties be dropped from a truck or car to

the roadbed.

6.11.3 PLACEMENT AND INITIAL ROADBED SUPPORT

In new construction care must be taken to insure that all concrete cross ties

are uniformly supported on the roadbed and that no center-binding conditions de-

velop prior to ballasting and tamping. If the subgrade condition indicates that then-

is inadequate or non-uniform support for the ties before placement of ballast, a

minimum layer of 3 inches of ballast should be placed, leveled and compacted before

placement of ties. Ties shall be installed at right angles to the center line of track

at the designed spacing prior to rail installation.

6.11.4 TAMPING REQUIREMENTS
Tamping of concrete ties should be in accordance with the provisions of Chap-

ter 5 of the AREA Manual.

6.11.5 PLACEMENT OF RAIL AND FASTENINGS IN NEW CONSTRUCTION

6.11.5.1 Tie Pads

It is reconmmended that tie pads be shipped independently of the ties. Rail seats

should be clean and ties properly positioned prior to placement of pads. Pads should

be accurately positioned and centered on the rail seat. Use of adhesive may be

desirable to hold pads in place until rail is unloaded and fastened.

Bui. 644
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6.11.5.2 Rail

Rail must not be dropped into place. Where continuous welded rail is to be

used, the use of rollers is recommended to facilitate its unloading and reduce the

risk of dislocating ties and tie pads.

6.11.5.3 Joints

If jointed rail is to be used (see Art. 6.1.5.2) special fastenings may be re-

quired within joint bar limits. Care must be exercised to see that such fastenings

are clearly distinguishable and ordered in the proper amount. Care should also be

taken to see that the actual juncture of two rails does not occur directly over a tie.

6.11.5.4 Fastenings

It is recommended that fastenings be shipped independently of ties. Where
more than one type of fastening, such as gage and field fastenings or special joint

fastenings, are to be used they shall be clearly marked to avoid confusion and avoid

difficulties during their distribution and application. Fastenings shall be applied in

the manner appropriate to their design and approved by their manufacturer. If

threaded fasteners are used, the shank at the screw shall be dipped in petrolatum

before assembly.

6.11.5.5

In corrosive environments, consideration should be given to protecting the

external components of fastenings.

6.11.6 TRACK GEOMETRY
(a) It is recommended that concrete ties be installed on curves only if the

curves have AREA-recommended, or equal, spiral approach and departure transitions.

(b) It is recommended that concrete ties not be installed in curves designed

for an unbalanced superelevation greater than 3 inches.

6.12 BALLAST

6.12.1 GENERAL CHARACTERISTICS
Prepared ballast for use with concrete ties shall be of hard, strong, angular,

durable particles, free from injurious amounts of deleterious substances and conform-

ing to the requirements of these specifications.

6.12.2 QUALITY REQUIREMENTS
6.12.2.1

Deleterious substances shall not be present in prepared ballast in excess of the

following amounts as determined by the specified current method of test.

Percent
by

Weight Method of Test

Soft and friable pieces 5 ASTM Designation C 235-49T

Material finer than No. 200 sieve 1 ASTM Designation C 117

Clay lumps 0.5 ASTM Designation C 142
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6.12.2.2

The percentage of wear shall not be greater than 40 percent when tested in
a Los Angeles rattler in accordance with ASTM Designation C 535.

6.12.2.3

The soundness of the ballast shall be such that, when tested in the sodium
sulfate soundness test in accordance with ASTM Designation C 88, the weighted
average loss shall not be greater than 10 percent after 5 cycles in sodium sulfate

solution.

6.12.2.4

The average hardness of the ballast shall be at least 3.5 as measured on the
Mohs Hardness scale.

6.12.2.5

The water absorption shall not exceed 0.5% as per ASTM C 127 procedure.

6.12.2.6

The percentage of flat and elongated particles shall not exceed a weighted
average of 25 percent by weight, as determined by the United States Army Corps
of Engineers Specification CRD-C 119.

6.12.3 GRADING REQUIREMENTS
Ballast grading requirements shall be in conformity with Chapter 1 of the

Manual.

6.12.4 HANDLING
Ballast shall be handled at the producing plant in such a manner that it is

kept clean and free from segregation. It shall be loaded only into cars which are

in good order, tight enough to prevent leakage and waste of material, and which
are clean and free from rubbish or any substance which would foul or damage the

ballast. The producer should not store ballast in cone-shape piles or make re-

peated passes of his equipment over the same levels in stock pile area. The supplier's

proposed method of handling ballast shall be subject to the approval of the engineer.

6.12.5 INSPECTION
If material loaded or being loaded does not conform to these specifications,

the inspector shall notify the supplier to stop further loading until the fault has

been corrected and dispose of all of the defective material without cost to the rail-

road. The engineer reserves the right to reject any car of ballast arriving at the

site for unloading that does not conform to the specifications.

6.12.6 TESTING
Prior to installation, the supplier shall provide the engineer with certified test

results of ballast classification, quality, and grading as conducted by a testing labo-

ratory accepted by the engineer. If, during ballast installation, the supplier changes

the source of ballast, additional certified test results shall be provided. The supplier

shall receive concurrence of the engineer as to the use of testing laboratory to make

the aforementioned tests.
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Samples of the finished product for gradation and other required tests shall

be taken from each 4,000 tons of prepared ballast, unless otherwise ordered by the

engineer. The sample shall be representative and shall weigh not less than 150 lb.

The supplier shall certify that ballast delivered to the railroad is typical of

that upon which specified tests have been made.

6.13 COMMENTARY

6.13.1 FLEXURAL STRENGTH OF MONOBLOCK TIES

Monoblock ties are stiff structural members that are loaded by the rails from

the top and are supported on the ballast at the bottom. The loads applied at the

top combined with the support reactions at the bottom will produce flexure in the

ties. Maximum flexure occurs at the rail seats and at die center. Flexure is influenced

by a number of factors discussed in Section 6.1 General Considerations.

6.13.1.1 Wheel Loads

In order to give satisfactory service a prestressed monoblock concrete tie should

be capable of withstanding without cracking the maximum loads likely to be found

in service.

6.13.1.2 Rail Seat Load

The rail seat load is that load transmitted by the rail to the rail seat of the tie.

It is the design wheel load modified by the distribution and impact factors. For

various tie spacings the following rail seat loads are used to determine the flexure

requirements in Art. 6.4.2, Table I:

Spacing, Inches Rail Seat Load, Pounds

30 37,000

27 34,000

24 31,000

21 28,000

As rail seat loads are reduced so also are the flexural requirements of ties and

the unit pressures on the ballast and subgrade.

6.13.1.3 Ballast Reaction

The load transmitted to the tie is resisted by the ballast at the interface be-

tween the bottom of the tie and the ballast. Immediately following tamping the

ballast reaction is concentrated under the tamped portions of the tie with little if

any reaction occurring under the center portion of the tie. This condition usually

produces positive flexure at the rail seats and the tie center. Over a period of time,

because of repeated loads, vibration and crushing of ballast, the ballast will gradually

compact, moving away from the areas of greatest concentration. The tie, therefore,

settles slightly into the ballast, allowing the center portion of the tie to pick up
a portion of the load thus reducing the amount of load carried by the tie ends.

Redistribution of ballast reaction will continue until eventually a condition of

uniform ballast reaction over the entire length of the tie is approached. This support

condition produces positive flexure at the rail seats and negative flexure at the center

of tie. It also makes possible a simple analysis for flexure in the tie by using the

formulas

:
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\VW
\.) m, =-

where

(1)M,=-

Mr = Moment at the rail seat
W = Total vertical load in pounds/inch of tie length.

Li = Distance from center line of rail to end of tie.

(2) Afc =—g Mr or—s
g

'-

where
Mc = Moment at center of tie.

La = Distance center to center of rails.

W = Total vertical load in pounds/inch of tie length = ——3=—:—=

M r = Moment at the rail seat

Li = Distance from center line of rail to end of tie.

To insure ties that will not crack under normal service conditions the bending

moments produced by this approach are considered adequate.

6.13.2 FLEXURAL STRENGTH OF TWO-BLOCK TIES

Two-block ties consist of two blocks of concrete connected by a third member.

Under load, flexure will occur in the end blocks, and while flexure does occur in the

connecting element, its flexural resistance is relatively small, thus one block is able

to deflect with respect to the other.

Consideration of distribution factor, impact factor, wheel loads, rail seat loads,

and tie spacings are the same as for monoblock ties.

6.13.2.1 Ballast Reaction

For two-block ties each tie block must distribute a full rail seat load to the

ballast. Assuming this distribution over a period of time will approach uniformity,

the flexural requirements for a tie block may be determined by the formula

M,=—g-
where

Mr = Moment at the rail seat.

w = Rail seat load in pounds/inch of tie block length.

L is assumed to be one-half the length of the tie block.

The magnitude of the terms W and L are influenced by tie block length. This

influences the flexural requirements.

Flexural requirements for five lengths of tie blocks and four tie spacings are

shown in Table II. Flexural requirements for block lengths other than those shown

may be calculated, but in no case should the rail seat positive flexural capacity be

less than 150 inch-kips.

6.13.2.2 Tie Flexibility

The connecting element of two-block ties should be sufficiently stiff to maintain

track gage and tie integrity during handling, track construction and track mainte-

nance. Under load, non-uniform ballast support reactions may cause differential

deflection between the blocks of a tie. The connecting clement must therefore be
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flexible enough to accept the maximum deflections likely to occur in track without

damage to the element or to the concrete blocks.

Minimum stiffness and specific deflection without damage requirements have

therefore been made a part of these specifications.

6.13.3 LONGITUDINAL RAIL RESTRAINT
Rail must be restrained to avoid excessive longitudinal movement. Longitudinal

movement of rail can be induced by temperature change and/or traffic.

6.13.3.1 Temperature-Induced Loads

The longitudinal force due to temperature change may be determined using

the formula

(F-jrs _ D
2RAE

Where F = Total force in pounds required to fully restrain rail against any rail

movement due to temperature variation from the rail temperature at

laying. (Use formula F = As&T, where A = area of rail cross section

in square inches, s = internal temperature stress developed in the rail

by the restraining forces, s = 30,000,000 X 1° X 0.0000065 = 195 psi.

AT = temperature change from mean laying temperature in degrees F)

/ 1= Joint restraint ( say / = )

.

S = Average tie spacing in inches.

R = Average tie resistance in pounds per tie per rail.

A= Area of rail cross section in square inches.

E = Modulus of elasticity (30,000,000 psi).

D = Maximum rail end movement (say 0.375 inch).

Solving for R:
F2S __ 35,870,087,236S

2DAE " 194,250,000
—

Where F = 75° X 195 X 12.95 = 189,394 lb

D = 0.375 inch

A= 12.95 sq inches

E = 30,000,000 psi

S= 21 inches, 24 inches, 30 inches.

For 21-inch tie spacing: R = 2585 lb (say 2.6 kips)

For 24-inch tie spacing: R= 2955 lb (say 2.9 kips)

For 27-inch tie spacing: R = 3324 lb (say 3.3 kips)

For 30-inch tie spacing: R = 3693 lb (say 3.7 kips)

6.13.3.2 Traffic-Induced Loads

Only the larger of traffic-induced loads due to traction or braking need be con-

sidered as they cannot occur together at a single point on a rail.

Using Cooper E 80 loading and formula as found in AREA Manual Chapter 15,

page 15-1-10, it can be determined that force due to traction exceeds the force

due to braking and equals approximately 10 kips.
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6.13.3.3 Tie Spacing

Since only about 50 percent of the load on a rail is carried by the tie directly

under it with the two adjacent ties carrying the remainder, we can arrive at the

maximum force expected for ties spaced as follows:

21-inch spacing, 50% of 10 kips + 2.6 kips = 7.6 kips

24-inch spacing, 50% of 10 kips + 2.9 kips = 7.9 kips

27-inch spacing, .50% of 10 kips + 3.3 kips = 8.3 kips

30-inch spacing, 50% of 10 kips + 3.7 kips = 8.7 kips

Since the greater weight of train should provide an increased friction between
rail and tie and between tie and ballast, it is felt traffic-induced loads can be ig-

nored insofar as longitudinal restraint is concerned.

The restraint provided between rail and tie, however, need not exceed the

ability of ballast section to restrain the movement of ties longitudinally in the ballast

section. It may also be assumed that, in continuous welded rail, some of the longi-

tudinal force due to both braking and traction is transmitted ahead and behind and

absorbed by ties not under or adjacent to the load. In studies made by AREA as

reported in Vol. 56, 1955, the maximum individual tie pressure was recorded as

2930 lb. This was in gravel ballast with ties spaced an average of 19.5 inches (24

ties per rail). The study further concluded that, in gravel ballast, the holding power

of such ballast, not frozen, should not be considered to exceed 1200 lb per anchor.

Slag, limestone and granite ballast should be able to provide greater resistance to

tie movement.

Concrete ties should at least equal the restraining ability of timber ties.

6.13.4 LATERAL RAIL RESTRAINT

Truck instability may occur in the wheel-rail interface due to excessive forces

interacting between the wheel and rail in the lateral direction. These lateral forces

tend to cause wheel flanges to climb die gage side of the rail when there is excessive

lateral flange pressure in relation to actual vertical loads. These lateral pressures

are caused by one or more of the following conditions:

(a) Nosing or hunting of truck assemblies at a repetitive frequency.

(b) Centrifugal forces on curved track.

(c) Impact due to irregular wheel and/or rail alinement or configuration.

(d) Rotational acceleration of the vehicle body due to curvature changes.

(e) Wheel friction from curve negotiation.

6.13.4.1 Lateral Forces

A rational determination of lateral force requirements on track fastenings woidd

be to develop lateral and overturning reactions in the rail base to the degree that

the wheel flanges will climb the rail before the rail would overturn. This limit may

be determined by considering the ratio of lateral force to vertical load necessary

to cause flange climbing.

Studies made' 1 ' show that a ratio of vertical loads (P.) to lateral forces (Pi)

approaching unity will permit the wheel flanges to climb the rail. Therefore, using

vertical wheel loads of 35,000 lb generated by a high-horsepower 6-axle locomotive

as design criteria for maximum vertical loading (Pi), then we could expect a maxi-

n > British Railways, lapanese National Railways and the Association of American Railroads.
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mum lateral pressure (Pi) to also be in the order of 35,000 lb. Consequently, con-

sideration of the individual lateral forces referred to in Art. 6.13.4 need not be

considered since lateral forces greater than 35,000 lb would cause wheels to climb.

6.13.4.2 Lateral Force Distribution

Reference to Fig. 6.2.3.1 covering the distribution of vertical loads to ties

indicates that the tie directly under the load will receive from 45 percent (20-inch

centers) to 60 percent (30-inch centers) of the imposed vertical load while adjacent

ties will each receive one-half of the balance. This distribution of loading is a func-

tion of the rigidity of the track structure, which is greatest about the horizontal

axis.

However, rail stressed about the vertical axis by pressure induced by a wheel

flange, has increased stability caused by torsional rigidity of the rail and the effect

of the weight from wheels of adjoining trucks. The calculations to compare the two

conditions of loading are complex, but for our purposes the resistance to bending in

the vertical and horizontal axis are in the same order of magnitude under these

conditions. Therefore, lateral loads applied to the tie may be expected to be dis-

tributed in a manner similar to vertical loads.

Based on the foregoing, the tie fastening system accommodates the following

design stresses in combination:

Horizontal Reaction:

Lateral Force X Distribution Factor (DF)

Vertical Reaction:

[V . Rail Height \ ( Vertical Load \\
l\

Laterd F°1Ce X
Rail Base )

~
{ 2 )J

X °F

6.13.5 ELECTRICAL PROPERTIES
6.13.5.1 Signal Circuits

The engineer must give consideration to the electrical environment in selecting

concrete tie designs and specifications. While concrete is not a good conductor of

electricity, it does not have sufficient resistance or impedance, particularly when
steel reinforcement is in close proximity to rail fastening components, to insure

trouble-free operations of signal appliances depending upon electrical isolation of

the rail if the rails are not insulated from the concrete. From the viewpoint of signal

operation, the value of concern is the impedance per 1,000 ft of track rather than

the impedance per tie. The former includes electrical leakage through ballast as

well as the ties which can be expected to perform in wet trackage, and under a

variety of voltages, both ac and dc.

6.13.5.2 Electric Traction

Electric propulsion systems most often rely upon ground return through track-

age for circuit completion. Under these circumstances, it is desirable that the

impedance between rails and ground (ballast and subsoil) not exceed certain maxi-

mum values.
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t LOAD

THE FOLLOWING FORMULA
SHALL BE USED TO
DETERMINE THE
VALUE OF P

P=_2M_
(2X/3-3)

30" TO 9_ TRACK

POSITIVE MOMENT AT THE
RAIL SEAT AS REQUIRED IN
TABLE I FOR PRESTRESSED
MONOBLOCK TIES OR TABLE
JL FOR TWO BLOCK TIES

"x'/^'xWIDTH OF TIE RUBBER J
SUPPORT (50 DUROMETf

A SCALE)

2" 2"M

2X
3

9_ SUPPORT
X

IT

2X
3

2"x I" x WIDTH OF TIE

RUBBER SUPPORT
(50 DUROMETER

. A SCALE)
t SUPPORT

FIGURE I POSITIVE RAIL SEAT MOMENT TEST
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G_ SUPPORT £_ TRACK AND LOAD C_ SUPPORT

30
£Xt
Co

rT-^r

30

"fcl

V>

l"x '/g'xWIDTH OF TIE

RUBBER (50 DUR- L_i4~
OMETER) SUPPOP^ TTl

2"

/st#W

THE FOLLOWING FORMULA
SHALL BE USED TO DETERMINE
THE VALUE OF P

P=2M
27

M = NEGATIVE MOMENT AT THE CENTER
OF THE TIE AS REQUIRED IN TABLE I

TIE CENTER NEGATIVE MOMENT TEST

2"xl"xWIDTH OF TIE RUBBER
SUPPORT (50 DUROMETER

A SCALE)

FIGURE H
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£ SUPPORT

30

C_ TRACK AND LOAD
'
I'

P
3"..3'1

Cn

C_ SUPPORT

30"

l"xl/2"x WIDTH OF TIE

.RUBBER SUPPORT
50 DUROMETER

A SCALE

THE FOLLOWING FORMULA
SHALL BE USED TO DETERMINE
THE VALUE OF P

P= 2M
27

M= POSITIVE MOMENT AT THE CENTER
OF THE TIE

2 xfxWIDTH OF TIE

RUBBER SUPPORT
50 DUROMETER

A SCALE

TIE CENTER POSITIVE MOMENT TEST FIGURE IE
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C_ LOAD

k P=l2 KIPS

HIGH STRENGTH ROD
THREADED BOTH ENDS

-CONCRETE TIE

FIGURE EZ

SUPPORT TO BE SEATED IN

HYDROCAL, HYDROSTONE OR
OTHER MATERIAL APPROVED
BY THE ENGINEER

INSERT PULLOUT TEST
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9. LOAD AND RAIL

LOADING FRAME

C_ SUPPORT
10'

<£_ SUPPORT

ELEVATION
MIN

SUPPORT TO BE SEATED

IN HYDROCAL, HYDRO-
STONE OR OTHER MAT-

ERIAL APPROVED BY

THE ENGINEER-

CONCRETE TIE

BLOCKING TO PROVIDE
UNIFORM BEARING
UNDER RAIL BASE

END VIEW

FASTENER UPLIFT TEST FIGURE 3C
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t OF RAIL-

FOR DETERMINATION
OF P SEE ARTICLE
6.9.1.11(a)

-0.6 P FOR DOUBLE ACTING
HYDRAULIC RAM

30 KIPS FOR DOUBLE ACTING

HYDRAULIC RAM

-30KIPS + 0.6P FOR SINGLE
ACTING HYDRAULIC RAM AND
SPRING NESTS

GAGE SIDE OF RAIL

TIE BLOCK SECURELY
FASTENED TO SUPPORT

SUPPORT-

FIGURE YI FASTENING REPEATED LOAD TEST
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THE FOLLOWING FORMULA
SHALL BE USED TO
DETERMINE THE
VALUE OF P

P= 2M

£ LOAD , - _ c
Ph 30 TO fc TRACK , u

M= NEGATIVE MOMENT AT THE
RAIL SEAT AS REQUIRED IN
TABLE IE

l"x l/2"xWIDTH OF TIE

RUBBER SUPPORT
(50 DUROMETER,A SCALE)

2"xl"x WIDTH OF TIE

RUBBER SUPPORT
_| (50 DUROMETER,ASCAl_£)

?. SUPPORT

FIGURE YR RAIL SEAT NEGATIVE MOMENT TEST
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w
E
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30"

P =7K MAX.
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30

s

12

10"

TWO BLOCK TIE CENTER NEGATIVE BENDING TEST FIGURE 3ZTU
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TEST BED

P (41 ,000 LBS)

SUPPORT

DIAL GAGE FOR
READING GAGE
WIDENING-

DIAL GAGE
FOR READING
TRANSLATION

FIGURE Zt FASTENING LATERAL RESTRAINT TEST





Advance Report of Committee 3—Ties and Wood Preservation

Report on Assignment 5

Service Records

K. C. Edscorn (chairman, subcommittee), A. B. Baker, F. J. Fudge, B. P. Hughes,
G. H. Way, J. L Williams.

Tie Renewals and Costs

Statistics providing information on cross tie renewals and average tie costs for

the year 1972, as compiled by the Economics and Finance Department, Associa-

tion of American Bailroads, are presented on the following pages in Tables A and

B. Table C shows the number of other than wooden cross ties (concrete ties) laid

in replacement and in new construction. Table D shows typical prices paid for

wooden cross ties in the East, South and West.

The 1972 statistics on new tie renewals by Class I U. S. Bailroads compared

with 1971 are as follows:

Total Netv Renewals
Year Tie Renewals Per Mile

1971 21,433,503° 72
1972 20,571,423° • 70

* Includes 205,147 concrete ties, excludes 289,510 secondhand ties.
** Includes 31,021 concrete ties, excludes 394,089 secondhand ties.

By geographical districts, the Eastern Boads inserted in replacement 55 ties per

mile, the Southern Boads 115 ties per mile and the Western Boads 64 ties per mile.

"Indicated" wooden tie life determined by dividing the total number of ties

in track (1967 figures) by the number of new ties inserted in 1972 is as follows:

Eastern Boads 54 years, Southern Boads 26 years, Western Boads 47 years, all U. S.

Class I Boads 43 years. There were no substantial changes in these averages

in 1972.

It is interesting to note diat the use of concrete ties in replacement declined

approximately 85% in 1972, dropping from 205,147 to 31,021. Concrete ties used

in new construction increased approximately 59$, increasing from 9,946 in 1971 to

15,769 in 1972.
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Table C

OTHER THAN WOODEN CROSS TILS LAID IN 1972 AND NUMBER OP OTHER THAN WOODEN
CROSS TIPS IN MAINTAINED TRACK OCCUPIED BY SROSS TIES AS OP DECEMBER 31, 1972

District and Road
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Table D

TYPICAL CROSS TIE PRICES

10 Selected Class I Railroads

District/description
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DIRECTORY
CONSULTING ENGINEERS

FRANK R. WOOLFORD

Engineering Consultant—Railroads

24 Josepha Ave.

San Francisco, Ca. 94132

(415) 587-1569

246 Seadrift Rd.

Stinson Beach, Ca. 94970

(415) 868-1555

\fif Westenhoff & Novick, Inc.

Consulting Engineers

Fixed & Movable Bridges

Soils, Foundations, Buildings

Structural & Underwater Investigations

Planning, Feasibility, Design, Inspection

222 W. Adams St., Chicago, III. 60606

New York Washington Panama

HAZELET & ERDAL

Consulting Engineers

Design Investigations Reports

Fixed and Movable Bridges

ISO So. Wacker Dr., Chicago, III. 60606

Louisville Cincinnati Washington

Feasibility studies and design services for

Bus and rail transit Terminals

Regional and urban planning Parking

Soils and foundations Tunnels

Structures Utilities

Environmental impact studies

Offices in 22 cities 816 474-4900
1805 Grand Avenue, Kansas City,

Mo. 64108
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K LOWNEY o KALDVEER
ASSOCIATES

Foundation / Soil / Geological Engineers

1 45 Addison Avenue / Palo Alto / Ca 94301

780 West Grand Avenue / Oakland / Ca 9461

2

2455 Henderson Way / Monterey / Ca 93940

SVERDRUP & PARCEL AND ASSOCIATES, INC.

800 No. Twelfth Blvd. St. Louis, Mo. 63101

WLplfaftal

• DESIGN

• PLANNING

• CONSTRUCT/ON
MANAGEMENT

Boston, Charleston, Gainesville, Jacksonville,

Nashville, New York, Phoenix,

San Francisco, Seattle, Washington, D.C.

ENGINEERS / ARCHITECTS / PLANNERS

SOROS ASSOCIATES
Consulting Engineers

Transfer Terminals & Ports For Dry Bulks,

Liquids & Containers—Waterfront Structures

Materials Handling Systems

575 Lexington Ave.

New York, N. Y. 10022

(212) 421-0400

Rio de Janeiro Santiago, Chile

Sydney, Australia

Pittsburgh Testing Laboratory

W. T. McHugh

Assistant to the President

850 Poplar Street

Pittsburgh, Pa. 15220

I
Mil* PORTER AND RIPA

ASSOCIATES, INC.

ENGINEERING • PLANNING ARCHITECTURE

Design Inspections Reports

Planning Structures

Environmental Studies

200 Madison Avenue, Morristown. New Jersey 07960

THE
KEN R. WHITE COMPANY

TOTAL CONCEPT
ENGINEERING SERVICE

BRIDGES FOUNDATIONS
ENVIRONMENTAL STUDIES
FEASIBILITY STUDIES
PHOTOGRAMMETRY MAPPING
PLANNING INDUSTRIAL PARK
RELOCATIONS
TRANSPORTATION

3955 E. [{position Avenue

Denver. Colorado 80209

Phone (303) 744-1861

Hitchcock & Estabrook, Inc.

Architects-Engineers Since 1920

LESTER D. LEE, Chairman of Board

National Certificate of Qualification

BRIDGES—HEATING—AIR CONDITIONING

INDUSTRIAL BUILDINGS—ROADS

WATER—SEWERS

Minneapolis— Phone (612) 835-5411

Milwaukee— Phone (414) 774-5411

Tampa— Phone (813) 877-7413



The Way To Lower Maintenance Costs

Ballast Cleaning* Rail Grinding

Frank Speno Railroad Ballast Cleaning Company, Inc.

306 North Cayuga St., Ithaca, New York 14850

Clark St. East Syracuse, New York Box 219 13057

Speno International, S. A. nfw IEC-Holden Ltd.

22 Pare Chateau Banquet, Geneva, Switzerland ftf~i 8180 Cote de Liesse Road.
(For Rail Grinding Outside the North American Continent) .{•:-*: :

:

,Jl Montreal 376 P. 0. Canada



TRASCO Track Skates

Preferred by skatemen
Light
Tough
Balanced hand hold

No curl tongue

TRACK SPECIALTIES
COMPANY

Box729 Westport,Conn.
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PART 1

MANUAL RECOMMENDATIONS

All the recommendations submitted by committees for adoption and

publication in the 1974 Supplement to the AREA Manual for Railway Engi-

neering are printed in this issue of the Bulletin. These recommendations will

be formally submitted for review and approval to the Board Committee on

Publications and the AREA Board of Direction. Comments or objections by

Members regarding any of these recommendations should be submitted to

the Executive Manager not later than FEBRUARY 15, 1974.
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Manual Recommendations

Committee 22—Economics of Railway Construction

and Maintenance

Report on Assignment B

Revision of Manual

J. A. Caywood (chairman, subcommittee), E. R. Anderson, C. H. Arnold, R. J.

Aschmeyer, A. S. Barr, H. B. Berkshire, A. Bornhoft, J. W. Brent, J. S.

Busby, L. B. Cann, Jr., W. H. Clark, P. A. Cosgrove, M. H. Dick, J. Fox,

J. C. Hunsberger, C. Johnston, W. E. Laird, G. Liljeblad, J. R. Miller,

J. A. Naylor, C. T. Popma, F. L. Rees, C. L. Robinson, H. W. Seeley,
A. E. Shaw, Jr., R. G. Simmons, W. B. Stackhouse, J. T. Sullivan, H. J.

Umberber, G. H. Winter.

Your committee submits the following recommendations with respect to the

Manual:

Delete all the material in Chapter 22—Economics of Railway Construction

and Maintenance, substituting therefor the new material submitted below.

Part 1

Personnel

FOREWORD

This part is included as a guide for those railroads desirous of forming a

workable track and structures maintenance and construction organization. Such an

organization is, on most railroads, a department under the direction of the chief

engineer and his staff and its activities are a part of the engineering department.

On some railroads, however, track and structures maintenance forces are separate

and distinct and controlled directly by the operating department.
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1.3 Training and Qualifications 150

1.3.1 Recommendations for Training Programs and Qualifications 150

1.3.2 Recommendations for Checking Employee Qualifications 151

1.4 Headquarters 151

1.4.1 Recommendations on Types 152

1.4.2 Evaluations 153

1.1 CLASSIFICATION AND GENERAL DUTIES

1.1.1 Track

(a) Roadmaster/Supervisor—Directly responsible for maintenance of all

tracks, roadway and appurtenances on an assigned territory, usually an operating

division or less. Supervises activities of all track and roadway employees on his

territory. Plans, schedules and controls programs of maintenance work in accordance

with established budgets. Supervises planned trackwork programs as well as gen-

eral repair and emergency work. Assists in training, safety and rules programs.

Supervises the procurement of and accounting for use of all track and roadway

materials and supplies on his territory. Reviews all personnel reports, including

timekeeping.

(b) Assistant Roadmaster—Assists the roadmaster in carrying out the above

duties as directed.

(c) General Foreman—Directly responsible for the activities of a specialized

force. These responsibilities are carried out within the framework of a predeter-

mined organization of men, materials and equipment, including transportation and

housing. Generally responsible for reporting the activities of the gang and the use

of materials and supplies. Usually reports to and is responsible to the roadmaster

and/or track supervisor on whose territory the work is being performed.

(d) Track Foreman—In direct charge of maintenance of all track, roadway

and appurtenances on an assigned portion or section of a roadmaster's or track

supervisor's territory. Responsible for the proper reporting of time and for the

accounting of materials and supplies used and recovered. Responsible for inven-

tories on his territory. Also responsible for the training, proper performance of

duties and the safety of all his forces. Reports directly to the roadmaster or track

supervisor.

(e) Assistant Track Foreman—Assists in carrying out duties of the foreman

as assigned.

(f) Track Machine Operator—Responsible for the operation and mainte-

nance of the machine to which assigned. Machines are usually assigned to gangs

or track crews and the machine operator usually becomes a member of such force.

The operator not only operates the machine but must see that the work is done as

efficiently and as accurately as possible. He may also be responsible for timekeeping

and the procurement of materials and supplies.

(g) Track and Gang Laborers—Perform duties in the gang to which assigned,

as directed by the foreman.

(h) Track Inspector—Makes periodic inspection of track on an assigned ter-

ritory as directed and performs other duties as required, including preparation of

necessary reports.
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(i) Welding Force—This includes welding foreman, welders and helpers

engaged in building up battered rail ends, repairing worn frogs and switches, and

making field welds, and other welding tasks as assigned, including the operation

of continuous rail welding plants.

1.1.2 Bridges and Buildings (B&B)

(a) Chief Carpenter (Master Carpenter) (B&B Supervisor)—Directly

responsible for the maintenance of all bridges and culverts, buildings, water stations,

fuel stations, scales, platforms, heating plants and all other structures on an assigned

territory, usually an operating division or less. Supervises the activities of all bridge

and building employees on his territory. Makes bridge and building inspections.

Plans, schedules and controls programs of maintenance work in accordance with

established budget. Supervises planned bridge and building programs, as well as

general repair and emergency work. Assists in education and safety programs. Super-

vises the procurement of and accounting for all bridge and building materials and

supplies for his territory. Reviews all personnel reports including timekeeping.

(b) Assistant Chief Carpenter/Assistant B&B Supervisor—Assists the

chief carpenter in carrying out the duties listed above as directed.

(c) B&B Foreman—Directly responsible for the activities of a bridge or build-

ing crew. These responsibilities are carried out within the framework of a predeter-

mined organization of men, materials and equipment. Responsible for the efficiency,

progress and safety of B&B crews. Makes periodic inspections and reports as

directed to the B&B supervisor/chief carpenter on whose territory the work is being

performed.

(d) B&B Inspector—Makes periodic inspection of structures on an assigned

territory as directed. Performs other duties as required, including preparation of

necessary reports.

(e) B&B Forces—Includes all crafts engaged in B&B maintenance; such as,

laborers, steelworkers, carpenters, painters, pump repairmen, tinsmiths, plumbers,

machine operators and welders. Other job titles, descriptive of the task being per-

formed, may be used as required by local customs or organizational agreements.

These forces work under the direction of the appropriate supervision.

1.1.3 Roadway

Roadway is generally referred to as that portion of the railroad right-of-way

exclusive of track and track bed, bridges and other drainage structures and build-

ings. Maintenance of roadway may include: drainage ditches, embankment and cuts,

vegetation control, fences, general housekeeping, etc. Responsibility for roadway
maintenance is generally the responsibility of the roadmaster/supervisor. Inspection

may be done by a track gang that may also perform certain minor or emergency
tasks on an assigned territory. Scheduled roadway maintenance work is usually

performed by one or more machines working seasonally to take advantage of

favorable weather conditions.

1.2 ORGANIZATIONS

1.2.1 Track

(a) Maintenance Gang—Performs general and routine maintenance work to

the track.
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(b) Patrol Gang—Performs inspection and general policing of roadway and

track.

(c) Programmed Work Gang—Performs programmed and specialized track-

work such as ballasting, tie renewals, rail renewals, surfacing, new construction,

etc. May also include such operations as bolt tightening, gaging, spiking, joint main-

tenance, grade crossing repair, spot smoothing, etc. The above named gangs may
be further defined or classified functionally according to the task to be performed

or traditionally according to local custom such as: extra gang, ballast gang, tie

gang, rail gang, surfacing gang, angle bar gang, welding gang, special gang, etc.

1.2.2 Bridges and Buildings (B&B)

(a) Bredge Gangs—Includes division or system gangs for constmcting, repair-

ing and painting steel, timber and concrete bridges and buildings. Included are

such operations as pile driving, installing culverts, tunnel repairs, etc.

The size of B&B gangs may vary from a small division gang engaged in inspec-

tion and minor cleaning and repair jobs to a large system gang organized to per-

form the larger and more complex jobs of scheduled maintenance and construction.

Gangs are generally organized to perform a specific function and are usually named

to reflect that function. Examples of such functional type gangs are as follows:

steel bridge gang, concrete bridge gang, building gang, paint gang, tunnel gang,

pile driver gang, pipe gang, utility gang, etc.

Draw bridge operators or tenders may be drawn from B&B forces where

applicable.

1.2.3 Roadway

(a) Roadway Machine Operators—Responsible for the operation and main-

tenance of large machines such as ditchers, cranes, shovels, dirt movers, dozers, etc.

Certain roadway machinery may be operated independently on such tasks as ditch

cleaning, bank and cut widening, brush cutting, slide removal, snow removal, etc.

Operators of these machines usually follow a work schedule prepared and directed

by the supervisor on whose territory he is working.

(b) Equipment Maintainer/Repairman—Directly responsible for mainte-

nance, repair and general overhaul of track and roadway equipment. May also be

responsible for timekeeping and the procurement of materials and supplies, as well

as the preparation of progress and performance reports.

1.3 TRAINING AND QUALIFICATIONS

1.3.1 Recommendations for Training Programs and Qualifications

(a) Roadmaster-Chief Carpenter/Supervisor positions are usually filled by

qualified employees who, throughout their careers, have shown ambition and the

capabilities necessary for a supervisory position. Such candidates should have had

previous supervisory experience and directly or indirectly have had training and/or

education in rules and practices of the engineering, operating and accounting depart-

ments. Candidates should have demonstrated willingness to assume responsibility

and have shown that they possess administrative ability. Prospective candidates

should be encouraged to obtain technical education by attending school and train-

ing sessions offered by manufacturer and/or suppliers. Time spent initially as an

assistant roadmaster or assistant chief carpenter affords the individual needed expe-

rience for the position.
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(b) General Foremen, Foreman and Secondary Supervisory Personnel—Ambiti-

ous, capable and qualified employees should not be overlooked in any training program

and should be considered first as prospects for such positions. Other prospective

candidates should be obtained by attracting capable young men who are graduates

of high schools or technical institutes.

Recruited young men and those already in railroad service should be subjected

to a thorough systematic program of training, education and evaluation on positions

held currendy as well as for advancement to higher positions.

A training program should include:

1. On the job training with rotation through various assignments where

possible.

2. Technical training with an opportunity to assist in organizing, directing

and supervising work.

3. Training in the operation and maintenance of modern machinery. Encour-

age candidates to attend manufacturers' training schools.

4. Education in rules and practices of the engineering, operating and

accounting departments.

5. Personal contact and interest by supervisory personnel.

6. Encouragement to seek further education from outside sources on general

principles of railway maintenance and operation through correspondence

and night schools, railway periodicals, manufacturers' manuals, etc.

(c) Track and Roadway Machine Operators—These positions should be filled

by qualified employees who are ambitious and capable. They, as the prospective

candidates for higher supervisory positions, should be afforded a training program

to include:

1. On-the-job training with rotation through various assignments where

possible.

2. Training in the operation of track and roadway machinery.

3. Personal contact by supervisory personnel.

4. Education in rules and practices of the operating department.

5. Encouragement to seek continuing education from outside sources through

railway periodicals, trade and manufacturers' manuals, correspondence and

night schools, etc.

1.3.2 Recommendations for Checking Employee Qualifications

(a) Observations by immediate supervisor, review of periodic reports on the

progress of the individual including quality and quantity of work performed.

(b) Initial check of scholastic record and/or past performance with former

employer.

(c) Periodic check of progress of an employee on any educational programs

being pursued.

(d) Personal discussions with the employee regarding education, training, and

progress.

1.4 HEADQUARTERS

Every track and structures maintenance employee should have a headquarters

to which he reports for work at the beginning of the work period and to which
he returns at the end of the work period. Individuals, gangs or crews having a fixed
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territory within a limited area such as an assigned shop, a section of defined limits,

a terminal yard or a group of buildings should have a permanent headquarters.

Permanent headquarters may be established also in such locations where the estab-

lishment of mobile headquarters is not feasible. Mobile headquarters may be pro-

vided, where economically feasible, for gangs or crews required to move from place

to place in the performance of their duties. Examples of these are rail gangs, tie

gangs, surfacing gangs, and bridge repair crews as listed in Section 1.2. In some

cases union agreements require the railway to furnish housing to such crews and

in other cases the railway furnishes housing in isolated areas to attract and retain

employees. Living quarters, including cooking and eating facilities, should be pro-

vided for crews having mobile headquarters. A subsistence allowance may be

granted, or actual expenses paid, to employees having mobile headquarters when-
ever their living quarters are not provided for or are not available to them. In any

event, an employee may be paid from the time he leaves his headquarters at the

beginning of the work period until he returns to it at the end of the work period.

1.4.1 Recommendations on Types

1.4.1.1 Permanent

(a) Permanent maintenance of way or bridge and buildings force headquarters

should be in a building suitable and adequate for the type and size of crew to be

accommodated and for the amount and type of tools and equipment to be stored

therein.

(b) Provision for protecting on-track equipment (motor cars) or on-track/off-

track trucks or regular trucks should be made, depending on the type used.

(c) Sufficient space in the building is desirable for welfare facilities (lockers,

eating area, toilet facilities, etc.) and an office space for the foreman.

(d) In some locations the headquarters might be located near a building with

adequate sanitary facilities, making additional ones unnecessary in the headquarters

building itself.

1.4.1.2 On-Track Outfit Cars

(a) On-track outfit cars should be selected from car equipment of such type

and construction that will permit their being handled in any train and in any place

in the train.

(b) Space in one car or a separate car should be provided for the foreman

with an adequate area for an office. (The office space should be large enough for a

timekeeper if one is deemed necessary).

(c) Cars should be designed and equipped for comfort and for economy in

heating in winter and cooling in summer.

(d) In providing outfit cars, the standards of living to which occupants are

accustomed, should be taken into account

(e) More comfortable living conditions may be justified in cars for gangs

employed continually throughout the year than for seasonal gangs.

(f) Recreational space, especially for year-around gangs, is desirable. This area

will vary with the size of the gang. For many gangs, a part of a car may be suffi-

cient. Possibly the dining car can be arranged for this purpose.

(g) The interior painting or other finish should be such that cleaning is facil-

itated and sanitation requirements can be satisfied.

(h) Good ventilation and comfortable beds are desirable.
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(i) Mattresses, bed linen, pillows, soap and towels may be provided.

(j) Bed linen and towels should be laundered frequently and exchanged on a

regular basis, if provided.

(k) Electric lights, hot and cold running water, showers and adequate heat-

ing and cooling will make outfit car life more attractive and will aid in recruiting

desirable men and retaining them in service.

(1) Adequate toilet facilities within or convenient to the outfit cars should be

provided.

(m) Platform-type steps at the doors of cars are desirable.

(n) Kitchens should be provided with:

1. Cabinets or cupboards for the storage of pots and pans.

2. Cooking facilities of adequate size.

3. A sink of such material that it can be readily kept clean.

4. A metal container with a tight fitting cover for the temporary storage

of garbage.

5. A refrigerator or ice box of ample capacity to store perishable foods.

1.4.1.3 Off-Track Trailers or Mobile Homes

The same amenities, having the same square footage of space, should be pro-

vided for this type of living quarters as are provided in 1.4.1.2.

The facilities covered in this section must conform to all applicable govern-

mental requirements.

1.4.2 Evaluations

In determining types of headquarters the following points should be considered.

(a) Number and types of gangs or crews required to maintain a given area or

territory properly.

(b) Number and classification of personnel required in each gang.

(c) Number of permanent headquarters required.

(d) Number of mobile headquarters required.

(e) Cost of converting existing building to headquarters buildings.

(f) Cost of constructing new headquarters buildings.

(g) Cost of converting existing equipment (passenger or freight) to camp car

use as mobile headquarters.

(h) Cost of constructing new camp cars for use as mobile headquarters.

(i) Cost of purchasing already assembled camp car units and of mounting them

on flat cars converted for that use.

(j) Cost of purchasing highway trailers or mobile homes for use as mobile

headquarters.

(k) Cost of maintaining each of the above four types of mobile headquarters.

(1) Cost of maintaining buildings used as permanent headquarters.

(m) Rate of depreciation of permanent headquarters buildings.

(n) Rate of depreciation of mobile headquarters units.

(o) Maximum limits of the territory in which the gang will be expected

to work.

(p) Travel time (including an allowance for train delays) to reach the aver-

age distance from headquarters to the work site from the location of either the per-

manent headquarters or the temporary location of the mobile headquarters.
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(q) Cost of the food allowance (with and without cooks) for gangs having

mobile headquarters.

(r) Cost of providing cooks for certain gangs having mobile headquarters.

(s) Cost of providing transportation from the mobile headquarters to employees'

hemes on weekends and holidays and back to the mobile headquarters for those

employees having this type of headquarters.

(t) Cost of preparing mobile headquarters for movement.

(u) Cost of work train or local train service to move a camp car or string of

camp cars from one place to another.

(v) Cost of truck hire including permits to move one or more highway trailers

from one place to another.

(w) Cost of delays to through or local trains to move a camp car or string of

camp cars from one place to another.

(x) Cost of delays to gangs in waiting to be moved from one place to another

by train or by highway.

(y) Cost of setting up mobile headquarters after movement by train or by

highway.

(z) Availability of land space for highway trailers at the chosen site.

(aa) Availability of utilities (water, electricity, sewer, etc.) at the land site

chosen for the highway trailers.

(bb) Availability of sidings or secondary tracks on which to spot camp cars.

(cc) Cost of purchasing or leasing land on which to park highway trailers.

(dd) Cost of providing the necessary utilities on this land.

(ee) Cost of constructing tracks on which to spot camp cars.

(ff) Cost of taking up tracks when they are no longer needed for spotting

camp cars.

(gg) Cost of taxes on land and utilities mentioned in (cc) and (dd) above

and on the trackage mentioned in (ee) above.

(hh) Availability and cost of permit from local municipalities for parking any

of the above listed equipment.

1.4.2.1 Transportation

(a) Modes—Employees and their tools may be transported from their head-

quarters to the work site either by the use of on-track motor cars and trailers or by

the use of highway vehicles operated on- or off-track, depending on the size of the

gang, the nature of the work to be performed and the type of machine and tools

to be used. Train service may be used if available.

1.4.2.2 Mobile Gangs Vs. Local Labor

Labor costs have risen to the extent that maintenance of way and structures

is now a machine-intensive operation and more machines with trained operators are

replacing the laborer. Skilled mechanics are required to maintain and repair these

machines with more attention being given to keeping the machines ( and their opera-

tors) working productively for as much of the year as possible. Concurrently, the

pool of common laborers is becoming smaller. However, local labor can still be

recruited in many parts of the country to perform simple, routine tasks which require

no great degree of skill or long periods of training, but the exclusive use of local

labor in performing maintenance of way and structure tasks is no longer feasible or

economical in the light of higher costs and the increased use of machinery to attain
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the standards of maintenance now required. Thus, the use of mobile gangs must be
depended upon to perform the bulk of maintenance of way and structures tasks and
may be supplemented by local labor.

1.4.2.2.1 Economical Haul Distances

The daily cost of transporting the gang to and from the work location is read-

ily calculated by determining the hours spent in travel time multiplied by the hourly

labor cost of the gang. Since the time spent in traveling is lost productive time, quite

naturally the shortest travel time or haul distance is desirable.

Factors which must be considered in determining economical or minimal haul

distances

:

(a) Location where camp cars or trailers can be spotted. The location is gen-

erally dictated by the availability of services, i.e. water, electricity, sewer and in

the case of camp cars, necessary trackage and local zoning or building codes. Con-

sideration should be given, however, to having services installed where none are

available, if the time saved will offset the cost of the installation. Depending on the

number of trailers or camp cars in the gang, portable generators and water supplies

can also be utilized.

(b) Methods of transporting gang from headquarters to work location:

1. By highway, in trucks or buses. In some instances it may be advantage-

ous to locate the camp further away from the work location if the travel

time required is less than from a closer location due to driving through

heavy traffic or densely populated areas.

2. On-track equipment, either motor car or the work equipment itself if it is

tied up at the headquarters.

3. Combination of methods 1 and 2 where the gang is transported to the

equipment tie-up point by highway and then moves the work equipment
by rail to the work location.

The number of men in die gang will strongly influence which procedure from
(a) and (b) will be the most economical because a gang of 10-12 persons has a

great deal more flexibility than a much larger gang.

1.4.2.3 Camps Vs. Per Diem

In comparing camps and a flat per diem rate the following factors must be

given consideration:

(a) Number of employees in the gang.

(b) Distance men must travel from homes to work locations.

(c) Number of cars or trailers required to make up camps and the investment

required to purchase or construct camp cars or trailers.

(d) Cost of maintaining camp cars or trailers.

(e) Travel time from camp cars or trailers to work site.

(f) Cost of providing transportation to and from homes on weekends for

employees living in camps.

(g) Cost of preparing camp for movement and hooking up facilities after move.
(h) Cost of work train or local service for moving camp cars and trucks for

moving trailers.

(i) Availability of utilities (water, electricity, sewer, etc.) for establishing

camps or cost of installing services.
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(j) Availability of trackage for camp cars and land for trailers.

(k) Problems involved in obtaining permission from municipalities for locating

camp in their area.

(1) Cost of providing cooks and food or food allowance.

(m) Cost of operation of camp including electricity, water, bed linen, mat-

tresses, cooking and eating utensils, etc.

Camps ( 1 ) provide living and eating facilities in areas where local accommo-

dations are not readily available due to number of employees in the gang, and (2)

allow gang to operate over a larger geographic territory and in turn draw skilled

employees from that area.

Per Diem ( 1 ) eliminates all costs involved with camps and has a fixed cost

as oppposed to the many variables involved with camps, (2) should be given con-

sideration where size of gang permits local eating and sleeping accommodations or

the territory the gang covers allows the men to return home nightly, and (3) elimi-

nates the travel time to and from the camps to the equipment since the men will

report at the equipment tie-up point and in turn increase production time available.
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2.1 PROGRAMMING WORK
The orderly execution of maintenance of way and structures work throughout

the year is essential to its most economical conduct. Minimum cost is secured

through uniform production; reductions in manufacturing costs are reflected in

prices charged the railways; stabilization of maintenance of way forces, with re-

sulting increase in the uniformity of use of materials, leads to savings in die cost of

materials, over and above die savings effected directly through the increased effi-

ciency of the forces.

2.1.1 Need

Maximum economy is promoted by:

(a) The preparation of a budget of the work to be done during the year and

the authorization of this budget for the year if possible, sufficiently in advance of

the inauguration of the work to enable materials and men to be collected in an

orderly manner. A program of work and material procurement must be established

for the year or period of time of the budget (annual, quarterly); however, an an-

nual budget is preferable.

(b) The equalization of expenditures throughout the year on roads where it

is practical will eliminate the wide fluctuations in expenditures from month to month.

The equalization of expenses permits work to be done at die most economical time,

seasonal and traffic conditions considered. It also prevents the distortion of operating

ratios, while by its application more uniform forces may be employed in mainte-

nance of way and structures work.

(c) The preparation of a detailed program in which the work authorized is

scheduled so that it may be done at the most economical season, consistent with

the most efficient utilization of forces; and the carrying of this program down to

the local divisions and to the individual gangs on those divisions in order to enable

die work of these men to be directed to the best advantage.

157
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(d) The stabilization of forces. The practical method of stabilizing maintenance

of way and structures forces is by the establishment of a basic force that can be

employed economically during slack periods, and by adding to this a temporary

force as required, with provisions for a definite date of termination for all such

positions. This will provide a fairly uniform permanent force, and will train recruits

to fill jobs as vacated. In consideration of the ultimate economy of building a strong

basic labor force and die immediate economy of holding experienced men in main-

tenance of way and structures services, as much work as is economically possible

should be done in all months of the year.

Sudden fluctuations in maintenance expenditure allowances increase costs and

adversely affect the quality and quantity of die work.

2.1.2 Methods

(a) Develop frequencies (cycles) for all major maintenance operations such

as ties, rail, surfacing, bridge painting, bridge ties, etc. From this, the average

annual maintenance burden in terms of labor and material is determined.

(b) Establish priorities by location for each type maintenance based on in-

spection reports.

(c) Overall annual program is displayed by major operation, and each opera-

tion is broken into location, opposite each location show units of labor and material

required.

(d) The annual program can be subdivided on a quarterly or monthly basis

if desired.

(e) Supporting information such as bar or line graphs and schematic drawings,

etc., can be used to advantage to highlight maintenance schedules and later the

progress of the work.

(f) Major projects which are complex in nature and involve integrating the

activities of several parties may require the technique of critical path scheduling.

2.1.2.1 Inspections

Inspection of track and structures provides information for development of work

programs and budgets.

2.1.2.1.1 Frequency

All railroad facilities and structures should be inspected annually as a minimum

and, when required, inspections should be made semi-annually to determine work

required and to establish work programs.

2.1.2.1.2 Methods of Performing:

2.1.2.1.2.1 Track Analyzers

The use of electronic track analyzers is becoming an increasingly popular mediod

of determining the general condition of a particular stretch of track, especially in

making up budgets and establishing priorities for the use of roadway machines or of

gangs. However, the use of diese analyzers does not obviate the necessity of the

walking or slow riding visual track inspection.

2.1.2.1.2.2 Required On-Ground Inspections

Track inspections may be made either by walking or by riding in a vehicle at

a speed that allows the person making the inspection to visually inspect the track

structure. Structures must be inspected visually.
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2.1.2.1.3 Inspection Reports

The railroad should keep an adequate record of various types of track, rail and

structures inspection performed.

Track inspection records should be prepared currently and signed by the person

making the inspection. The report should specify location, tracks inspected, date of

inspection and if any deviation from standards is found, what corrective action

was taken. The records should be retained at location and for such time as is de-

sirable by the railroad but for the minimum time that may be required by any

regulatory body, usually at least one year.

Rail inspection records should specify the location, date found, nature of any

defect found and the action taken for correction. These records should be retained

at a location for such time as is deemed necessary by the railroad but for the mini-

mum time that may be required by any regulatory body.

Structures inspections should be made and kept in a similar manner.

2.1.2.2 Analysis of Material Replacements

A highly useful basis can be developed through use of service life of main-

tenance items, when coupled with proper track and structure condition evaluation,

for planning maintenance work, establishing budgets for maintenance, anticipating

future expenditures and developing an orderly, controlled maintenance program.

2.1.2.2.1 Expected Service Life Determination

Extreme accuracy of determining service lives is difficult to attain due to lack

of records for this purpose and the long life of most maintenance items. Nevertheless,

through utilizing available material-used records, evaluation records, field observation

and records of past maintenance activities, an engineering approach can be utilized

to establish maintenance programs. Practical knowledge and experience in main-

tenance activities is a necessity for the person utilizing such an approach due to the

nature of the basic information and the need to interpret the information as it applies

to the present maintenance situation.

It is necessary not only to determine the service life for various items, but also

the life for each item in a specific class of service, i.e., yard, branch line, main,

etc. Judgment must be exercised continuously in service life determination to avoid

excessive detail and categories and yet provide a meaningful system of information

for planning and controlling maintenance functions. An example of this would be

utilizing percentages of cost of a major item such as rail to cover cost of other

track material associated with the rail such as bolts, nutlocks, anchors, joint bars, etc.

2.1.2.2.2 Recommended Renewal Cycles

Due to the different character of individual railroad operations, and construc-

tion and maintenance standards, renewal frequencies must be developed for indi-

vidual areas and railroads. These renewal frequencies then become a "standard"

for the railroad and must be accepted as the necessary frequency to maintain a

given portion of railroad to a required condition. Deviation from the frequency,

if the frequency has properly been established, will result in a change in track or

structure condition. Because of the lack of detail available to develop material life

and renewal frequencies, a testing period is necessary to further refine and adjust

renewal frequencies for the many variables contributing to maintenance require-

ments. A great many factors, other than service life, determine renewal frequencies.

As an example, a newly constructed yard or other track may not require tie or rail
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replacement for a considerable period. If this track is a large portion of the area for

which a study is being made, it may greatly decrease the number of ties required

and thus result in a seemingly erroneous renewal frequency for ties. Mine tracks

and industrial spurs are particularly affected by such analysis. A tie renewal fre-

quency determined by dividing total ties in track by the average life of a tie does

not result necessarily in a renewal rate required for a given track, and when ex-

perience shows such a rate to be erroneous, doubt is cast upon the entire frequency

of renewal concept and support for the system is very much weakened. All factors

should be considered and extreme care must be taken in development of frequencies

if they are to be accepted by management and maintenance forces.

Once established, a renewal frequency should not be considered to require

absolute compliance, but should be used as a valuable guide. Constant observation

over specific areas should be maintained to determine if revision of the frequency

is necessary. Changing traffic densities, including tonnage and type of lading, is an

important factor in frequency changes. Material life and renewal frequency can be

very important tools to the maintenance engineer if properly and intelligently devel-

oped and tested. All possible records should be utilized and backup data should be

recorded and a definite work force should be assigned to their development and

maintenance so as to provide continuity to the development and assure quality of

material replacement standards.

2.1.2.3 Production

Production involves the work done by various gangs, such as rail laying, tie,

surfacing, construction, and miscellaneous gangs, with results stated in units of

work such as lineal feet, number of ties, number of feet surfaced, number of feet

track constructed and so forth. Production is a necessary measure historically and

projected for budget purposes. It depends not only on the type of machinery used,

but also the labor force and supervision available.

2.1.3 Program Forms and Management Presentation

To produce effective maintenance programs, it is necessary to tabulate all

inspection reports compiled by the various echelons of maintenance supervision. The
final distillation of these reports can then be assembled and set down on pro-

gram forms.

Program forms depend on railroad size and concomitant estimates of money

available for such programs. Some roads propose semi-annual, annual and even

five-year programs. Where large expenditures are anticipated, they could be inserted

in a program covering three or more years. In the case of cascading rail, some

programs are made for 20 years to compare availability of rail against necessity

of rail purchase.

PERT and Critical Path are some of the methods used where extremely close

cost monitoring is required.

2.2 BUDGETING

All track and structures maintenance expenditures should be under strict budget

control. Budget time periods may vary according to individual railroad accounting

practices.

Realistic determinants such as historical data, traffic density (present and

projected), remaining service life of track or structure, etc., should be used in

developing maintenance budgets.
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2.2.1 Unit Cost

When analyzing the economics of railway construction and maintenance activi-

ties it is necessary that the unit costs of various methods and procedures be devel-

oped in such a way that the same incremental costs be included in arriving at a cost

per unit of work for each method considered.

Unit costs for any activity being studied should include the following elements:

(a) Supervision above the rank of foreman. This should include only the time

and expenses directly involved with the activity being analyzed (general foreman,

assistant supervisor, supervisor, roadmaster, etc. Does not include division engineer,

regional or system officers unless they are assigned specific responsibility for per-

formance of the activity under study.)

(b) Foreman.

(c) All employees below the rank of foreman. Note: Items b and c should

include all classes of employees who perform work or inspection as a result of the

task being performed. Since work rules vary considerably on different properties in

regard to fringe benefits, camp facilities furnished, travel time, travel mileage

expense, headquarters, locations, etc., all of these items of expense must be con-

sidered, as well as the actual productive time at the work location, if paid for as

wages, and lost time on the job as a result of train delays, equipment break-

downs, etc.

(d) Equipment. In order to develop the cost of equipment per unit of produc-

tion, the following information must be known.

1. Name and description of machine.

2. Horsepower of machine, including all engines.

3. Date purchased new.

4. Cost new or ledger value.

5. Average useful life.

6. Interest rate (use appropriate current rate).

7. Taxes and insurance (use actual or 1%% of ledger value).

8. Average annual maintenance cost (if actual cost not available, divide

previous years ICC Operating Account 269 by value in Road and Equip-

ment Account 37 and use this percentage multiplied by the new or ledger

value of the machine to obtain annual maintenance cost).

9. Average annual cost of fuel and supplies (if actual cost not available,

estimate on the basis of fuel consumption and horsepower of the machine).

10. Average number of days machine is used during the year.

With the information known, the daily cost of using each machine can be

developed by the following procedure:

. . New or Ledger Value
^ Average Useful Life in Years X No. of Days Used per Year

2. Interest—Current Rate X New or Ledger Value

3. Taxes and Insurance—1.5% (or actual rate) X New or

Ledger Value

4. Maintenance Costs-

No. of Days Used per Year

Annual Cost

Number of Days Used per Year

„ „ ,. Annual Cost

Number of Days Used per Year
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The sum of these five items may be used as the total cost per day for each
machine used in the operation under study. Hand tools and machines costing less

than $500 should not be included in equipment cost. If double shifting of equip-

ment is practiced or considered, procedures listed above should be adjusted to reflect

shift cost.

Total cost per unit of work performed may be determined by adding the

following increments to produce the total daily or shift cost of labor and equipment
and dividing this total by the units of work completed each day or shift:

Daily Cost of Supervision above Rank of Foreman
(Salary plus Fringe Benefits plus Expenses) $ ,

Daily Cost of Foreman
Productive Hours on Job X Hourly Rate $ ,

Hours of Travel Time To and From Job Site X Hourly Rate $

Hours of Lost Time, Train Delays, Due to Breakdowns,

etc., X Hourly Rate $ ,

Total Actual Wages of Foreman $

Fringe Benefits, Including Vacation, Holiday Pay, Insurance, etc.

(Normal Percentage X Payroll Wages) S .

Total Daily Cost of Foreman $

Daily Cost of Employees Below Rank of Foreman:

Productive Hours on Job Site X Hourly Rate $-

Hours of Travel Time To and From Job Site X Hourly Rate $_

Hours of Lost Time due to Train Delays, Breakdowns,

etc., X Hourly Rate $.

Total Actual Labor Cost of Employees Below Rank of Foreman $_

Fringe Benefits as Applied to Payroll, Including Holiday Pay,

Vacation and Insurance Allowance

(Normal Percentage X Payroll Wages) $_

Total Daily Wage and Fringe Benefit Cost of Employees
Below Rank of Foreman $

Daily Cost of Camp Facilities, if Furnished, Based on Actual

Cost or Estimated on Basis of Unit Cost Per Day Per Employee

for Entire Complement of Camp Equipment Furnished

(Number of Employees X Unit Cost Per Day)

Note: The word "day" as used in these calculations shall be de-

fined as a normal 8-hour work shift and shall include all over-

time directly associated with the performance of that shift's

activity.

Daily Meal and Laundry or Sustenance Allowance if Provided

(Number of Employees X Unit Cost Per Day)

Daily Mileage or Travel Allowance if Provided in Traveling

To and From Camp or Headquarters To Work Point

(Total Mileage for Gang X Unit Allowance)
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Daily Cost of All Machines in Unit (From Machine Cost

Schedule

)

$ .

Total Daily Cost of Labor, Fringe Benefits and Equipment $

TT
. p Total Daily Cost of Labor and Equipment

Number of Units Completed During Work Day

Costs for the following activities should be developed in the units shown:

Activity Cost Per

Rail Laying Lineal Foot of Rail

Tie Installation Tie

Track Raise (2" to 4" ) Foot of Track

Smoothing Raise (less than 2") Foot of Track

Ballast Application Ton
Spot Surfacing Joint

Switch Tie Renewal Switch Tie

Ballast Cleaning ( Shoulder ) Foot of Track ( One Side

)

Plowing or Undercutting (not including tie

renewal) Foot of Track

Road Crossing Installation or Renewal Track Foot

Switch Construction ( Incl. ties ) Switch ( specify number of TO

)

Switch Replacement (steel only) Switch (specify number of TO)
Field Weld Weld
Building Up Joints Inch of Weld

Note: Unit costs for any other activity can be determined in the same manner

as outlined above.

2.2.2 Budget Forms and Management Presentations

Budget forms are prepared setting forth capital expenditures and incidental

operating expenses and can be further broken down by ICC Accounts if desired.

However, as more detail is shown, the final budget may become too unwieldly for

ease of understanding.

In preparing budgets, there should be a meshing of both Capital and Operating

budgets because of interdependence.

Presentation to management depends on what is required. Illustrations by

graphs and charts are desirable.

2.3 AUDITING OF RESULTS

Track and structure work programs and budget expenditures must be examined

on a regular basis. The results of such audits then become an effective tool fo;

planning.

2.3.1 Performance Standards

(a) Develop a methods description for each major operation. These show

step-by-step conduct of the work as well as the component of men and equipment.

(b) Establish a time standard for each Methods Description such as man-hour;

tie and man-hour/rail, etc.

(c) Performance is measured by comparing actual with standard.
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(d) Subsequent time studies in the field are useful to refine the method and

improve performance.

2.3.2 Means of Measurement

( a ) Quantitative

1. Use of regular performance reports on which is listed each Methods

Description and actual vs. standard. Performance can be displayed both

on current and year-to-date basis.

2. Performance is also measured by utilizing graphs, charts, schematic draw-

ings and plotting progress against scheduled target dates.

3. Regular or periodic updating of these control devices is advisable.

( b ) Qualitative

1. Inspections made before and after the work is done. These inspections

may range from the walking visual type, or riding trains, to sophisticated

track analyzers.

2. Annual comparison of derailment in terms of cause and number.
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3.1 RAIL

3.1.1 Selection of Proper Section

In the interest of standardization throughout the industry, the AREA, in Chap-

ter 4 of the Manual, recommends that all purchases of new rail be restricted to the

following eight rail sections:

140 RE 136 RE 132 RE 119 RE 115 RE 106 CF&I 100 RE 90 RA-A

These recommendations are based on the following considerations:

(a) Future availability of these sections for small orders.

(b) Ready availability of other track materials, special trackwork and acces-

sories for these sections.

(c) Suppliers are more experienced in producing these sections and acceptable

quality accessories for them.

Statistics compiled by AREA Committee 4—Rail for the year 1970 indicate

that 87.68% of all rail shipped was rolled to the above eight sections. A breakdown

of the 1,053,954 tons shipped during that year is given below:

Section Tons %

140 RE* 59,149 5.61

136 RE* 107,406 10.19

132 RE* 364,138 34.55

119 RE* 93,996 8.92

115 RE* 192,883 18.30

106 CF&I* 0.00

100 RE* 90,688 8.60

90 RA-A* 15,928 1.51

Subtotal
133 RE**
122 CB**
100 RA**
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return traction power suitable for tonnage trains operating at maximum speed and

under close headway. It is desirable to provide sufficient capacity in negative rail

return to avoid the need for negative reinforcing cable when using an electrically

optimum spacing for traction power substations.

(c) Economic Considerations

To choose the most economical rail section, all factors affecting track economics

should be evaluated on a present worth basis. The minimum weight of rail might

not necessarily be the most economical, so the study should cover a range of sections,

beginning with the minimum weight section as the lowest weight and including at

least three progressively heavier. A discounted cash flow analysis should be used

to relate the economics of the weights selected. Certain factors, such as support

spacing, rail life and track maintenance costs, which affect the end result should

be varied over a reasonable range. The purpose of varying these inputs is to ascertain

whether the final result of the discounted cash flow analysis will indicate the same

rail section to be the most economical under the varying conditions described below:

1. Support Spacing—Variations in spacing of cross ties affect the cost of labor

and material for a mile of track in-place. The costs should include labor and mate-

rial for the standard track items in-place including rail, rail support, ballast, etc.

These costs should not include heat treated rail, special alloy rails, insulated joints,

rail lubricators or special trackwork.

2. Rail Wear and Life—The amount of rail wear and life may be determined

by the AREA formula (see (e) 2, below).

3. Track Maintenance Costs—These costs should reflect the railroad's own

experience with the various classes of track.

4. Interest Rates—The cost of borrowing money should be one of the inputs

in the discounted cash flow analysis.

5. Annual Tonnage—Gross tonnage is an element to be considered also in the

analysis.

6. Salvage—The loss of weight per yard of the rails for determining the salvage

weight and value should be based on permissible rail wear tolerances established

by the railway. A percentage of the new value of the rail should be used if the

released rail is to be reused.

(d) Evaluation of Results

It should be noted that the assumptions regarding spacing of ties and the weight

of the plates and joint bars may influence the analysis to a considerable extent.

Other factors, such as rail life and track maintenance costs, can be estimated only

roughly at best. The degree to which local conditions influence the assumptions

also limits greatly the accuracy of the results obtained from the study. Therefore,

good judgment is an important input in securing the most economical section of

rail.

(e) Methodology

The following symbols and equations should be used in comparing the eco-

nomic value of the rail sections under consideration.

1. Cost of Track in Place (T)

T=P+I+Q+K
Where P = Cost of rail material

Z= Cost of installing rail

Q £= Cost of other track materia]

K •= Cost of installing other track material



168 Bulletin 645—American Railway Engineering Association

2. Service Life of Rail (L)—One means of determining this is by the use of

the AREA formula. (Vol. 58, page 360 of The Proceedings)

3. Difference in Rail Life Between Various Rail Sections (A L)—Rail life for

each rail section is calculated and the difference between them taken. The base rail

(subscript 1) is compared to other sections (subscript 2).

A L = L2 — Lj

4. Annual Cost of Rail Material—The annual cost of rail material is computed
from the formula:

Pi-S,
U

Where Pi = Initial cost of rail material for the base rail section

Si= Salvage value of rail material for the base rail section at the

time of rail renewal

La £= Life of base rail

5. Present Worth Factor (pwf
1

)—The single-payment present worth factor

is based on the annual interest rate and life of base rail and is calculated from the

following formula:

pwf= JTTTF
Where i c= annual interest rate

This represents the present worth of $1 at the end of period Li.

6. Present Worth of the Annual Cost of Rail Material—The present worth of

the annual cost of rail material is calculated by the following formula:

n Pi Si

7. Present Worth of Rail Material for Extra Life—The present worth of rail

material involved in the extra life of rail section, subscript 2, as compared to the

base rail, subscript 1, is calculated from the following formula:

(Pi— Si) AL"1
pwfz= I

-

U A

At the end of the base rail life, the heavier rail will have A L years of life left.

At this time the base rail section will have only salvage value left.

This computes the present worth of the expended life of the in-place lighter

rail which was renewed at the end of its life (Li).

8. Salvage Value (S)—The salvage value at the end of rail life is based on the

weight of rail remaining after useful service life. This weight is estimated to be

90% of the original section weight.

9. Difference in Salvage Values (S2 — Si)—This formula represents the salvage

value of rail subscript 2 as compared to the base rail.

10. Present Worth Factor (pwf)—The present worth of $1 at the end of

period L2 is represented by the formula:

pwf= TiTip
11. Present Worth of Salvage Value Difference—The present worth of the

difference in salvage values, comparing rail, subscript 2 with the base rail, is com-

puted as follows:

pwf1= S2 — Sj
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Salvage value differences are compared using the present worth factor shown
above (item 10) and the difference in salvage value (item 9) computed over the

life of the heavier rail section.

12. Cost of Annual Maintenance (M)—The annual cost of maintaining a mile

of track.

13. Present Worth Factor (pwf)—The uniform series present worth factor is

based on the present day value of $1 spent annually over the life of the larger rail

section and is calculated as follows:

(l + t)
L2 -l

pwf
t(l + La

14. Present Worth of Annual Maintenance Savings—The present worth of the

annual maintenance savings gained over the life of the heavier rail sections is com-
puted as follows:

M (pwf)

15. Cost of Installing Rail (I)—The cost for installing a track mile of rail.

16. Annual Cost of Rail Installation—The annual cost of rail installation is

determined by the formula:

L

17. Present Worth of the Annual Cost of Rail Installation—The present worth
of the annual cost of rail installation is calculated by the following formula:

PwfX -£-

18. Present Worth of Rail Installation Costs Over Extra Life—The present

worth of rail installations costs involved in the extra life of larger rail sections is

calculated from the following formula:

pwf Li
At

]

The formula determines the present worth of the installation costs for the ex-

pended life of the in-place lighter rail which was renewed at the end of its life (la).

19. Present Worth of Savings—The present worth of savings of selected alterna-

tive rail weights compared to the base rail section is the difference in initial costs

(T) plus the present worth of the savings gained through increased life, salvage

and smaller annual maintenance expenditures.

REFERENCE

AREA Proceedings, Vol. 58, Page 360.

Appendix 1

Selection of Minimum Section

The minimum weight of rail can be calculated with some degree of accuracy

by any one of the following three equations.

(a) W.= 1S6-
{2P +̂m Equation!.
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Where Wo — Weight of rail (kg/m)
2P = Axle load ( metric tons

)

a s= Impact factor ( usually 2

)

(b) Wo -I? r
F+ °-0001 pvt3

Wo U
L 2,000 J Equation 22

Where W = Weight of rail (lb/yd.)

? — Static wheel load (lb)

V z= Train velocity (mph

)

(c) Z„=
°-318

/d Xl
Equation 3a

u
Where Zi, s= Section modulus of rail base ( inches

)

3

Pd— Dynamic wheel loads ( lb

)

Xi := Distance from wheel load to point zero bending moment ( inches

)

f — Maximum flexural stress in the base of rail
(
psi

)
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3.1.2 Methods of Joining and Laying

An analysis has been made of various railroads' method of laying and loading

of welded rail, comparing the two-rail versus the one-rail method. This report is

based on laying and loading methods now employed by a cross-section of roads

responding to a questionnaire, with the manpower and equipment averaged for

those roads reporting. Labor, given in manhours, can be evaluated at current wage

rates; and purchase costs of equipment, shown for 1971, can be updated to current

costs. The data reported did not always define the average conditions of on-track-

time prevailing.

The two-rail method requires more track time than the one-rail method because

of the time required to restore the track to service and clearing all of the equipment.

On double-track territory, it is assumed that the rail laying operation will be given

sole occupancy for 8 hours. On single track territory, track occupancy must be a

minimum of 5 continuous hours or two periods of at least 3 continuous hours each.

In general, the assumed average production is one mile of track per day.

3.1.2.1 Equipment and Labor Use

Tables 1 and 2 give the consist of equipment suitable for the two-rail and one-

rail CWR rail laying operation, respectively. They also afford a comparison of the

1971 purchase prices.

This equipment does not cover rail gang camp cars, small tools, and motor

vehicles used to transport men and supplies as either method of laying or loading

rail would require about the same equipment. Due to wide variations in type,

ownership, and maintenance costs of camp equipment, average costs are not easily

determined. In any complete evaluation, a rational appraisal of this cost should be
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made since it does aftect the total cost per mile for rail laying. Hand tools are at

a minimum on mechanized gangs and need only be evaluated as to cost if it is

required to know an absolute total cost.

Table 1.

—

Equipment Requirements for Laying Welded Rail—
Two-Rail Method

Approximate
Purchase Price

Equipment (1971)

2—Rail Trains $180,000
1—Rail Pusher Car & Rail Guide 125,000
2—Spike Pullers 14,400
1—Scrap Loader 15,000
1—Tie End Sweeper 10,000
1—Wide Gage Threader 50,000
4—Tie Plug Inserters 24,000
1—Multiple Cribber 50,000
1—Adzer-Creosoter 50,000
1—Standard Gage Threader & Line Spiker 59,000
1—Gager Spiker 51,000
2—Tie Drills 8,000
1—Spike Cart 7,000
2—Dual Spike Drivers with Air Compressor 50,000
1—Anchor Cart 7,000
4—Anchor Applicators 36,000
1—Abrasive Cut Off Machine 23,000

400—Rail Cradles 12,000
1—Center Line Marker 5,100
1—Rail Heater 14,000
2—Cranes with Magnets 160,000

$950,500

Table 2.

—

Equipment Requirements for Laying Welded Rail—
One-Rail Method

Approximate
Purchase Price

Equipment (1971)

1—Rail Train $ 90,000
a—Track Wrenches 8,000
2—Spike Pullers 14,400
1—Scrap Loader 15,000
4—Tie Plug Inserters 24,000
2—Cribbers 10,000
2—Adzers 16,000
1—Creosoter 1,200
1—Gager & Pre-gager 15,500
2—Tie Drills 8,000
1—Spike Cart 7,000
2—Dual Spike Drivers with Air Compressor 50,000
1—Anchor Cart 7,000
4—Anchor Applicators 36,000
1—Abrasive Cut-off Machine 23,000
1—OH Track Crane 50,000
2—Cranes with Magnets 160,000
1—Rail Heater 14,000

$549,100
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Tables 3 and 4 give typical organizations for two and one-rail laying opera-

tions, respectively. Table 5 outlines typical forces for the corresponding rail loading

operations.

Table 3.

—

Rail Laying Organization
Two-Rail Method

No. of
Machines Machine Operation

Force

Fore Operator Trkmen

Foreman 1

Pusher Car Unload cradles & rail -_ 1

& Rail Train Position cradles . -- -- !

Adjust rail on cradles with bar __ __ 1

Remove rail anchors -_ -- 2
Spike Pullers Pull spikes -- 4

Scrap Loader Pick up spikes & anchors ._ -- 2
Tie End Sweeper Sweep tie ends of ballast

Wide Gage Threader Thread old rail to wide gage _- 1

Remove tie plates -- -- 2
Tie Plug Inserters Insert and drive tie plugs -- -- 4
Cribber Crib and drive spike stubs ._ 1 1

Adzer-Creosoter Adze & creosote ties -_ 1

Position & gage tie plates -- __ 4

Foreman (Line rail into plates)— 1 1

Standard Gage Threader Standard gage new rail and drive
line spikes -- 2

Push Truck Pick up cradles and seat tie plates - _ - - 3
Gage-Spiker Gage Rail -- 2

Tie Drills Pre-b ore ties -- 2

Spike Cart Set spikes -- -- 4
Dual Spike Drivers Drive spikes -- 2

Anchor Cart Distribute rail anchors -- -- 1

Position rail anchors -- -- 2

Foreman 1

Anchor Applicators Apply rail anchors -- 4

Hydratool Install insulated joints -_ 1

Sub-Total 3 21 28 = 52

Welder Hlpr Trkmen

Motor Car & Push Truck Thermit weld joints 1 2 2=5
Total force includes 3 cooks and 3 mechanics — 6
Rail supervisor & assistants = 3

TOTAL 66
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Table 4.

—

Rail Laying Organization
One-Rail Method

Xo. of
Machines Machine Operation

Force

Fore Operator Trkmen

2 Track Wrenches
1 Spike Pullers
1 Scrap Loader

Push Truck
Push Truck

1 Burro Crane

Tie Plug Inserters
Cribbers

Adzer
Creosoter Grinder

1 Gager and Pre-Gager

1 Speed Swing
1 On-track Crane
1 Motor Car

2 Tie Drills

1 Spike Cart

2 Dual Spiker Drivers
1 Anchor Cart

4 Anchor Applicators
1 Abrasive Cut-Off Machine

Foreman
Remove rail anchors
Remove bolts
Pull spikes
Pick up spikes & rail anchors
Distribute tie plugs
Burn frozen bolts, pull joint

spikes, remove bars
Set out jointed rail

Remove tie plates
Insert & drive tie plugs
Remove ballast from cribs

Drive spike stubs
Adze ties

Creosote ties & grind adzer
bits, etc

Distribute tie plates
Gage tie plates, distribute, insert

& drive gage pegs
Pull CWR into place
Make joints, cut & drive rail

Move spare machines & tools
Straighten plates & line rail

into plates
Pre-bore ties

Distribute spikes
Set spikes
Drive spikes
Distribute anchors
Position anchors
Apply anchors
Install insulated joints

Sub-Total
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3.1.2.2 General Description of Operation—Material Distribution

3.1.2.2.1 Two-Rail Method
All materials and supplies for laying a train load of welded rail, except the rail,

are unloaded in advance of the rail laying.

This may be accomplished by placing the material cars and magnet equipped

cranes at the head of the rail train or by using other forces to unload this material

before the rail train arrives.

3.1.2.2.2 One-Rail Method
All material including the rail is distributed in advance of the rail laying. This

is done by division forces and work trains.

3.1.2.3 Procedure

3.1.2.3.1 Two-Rail Method
Two strings of rail are unloaded directly from the rail train onto cradles

which are placed on a previously painted center line stripe. Certain equip-

ment is transferred to narrow-gage while the rail is being connected to the rail

in track. After this, the rail laying progresses as outlined in Table 3 under the

heading, "Operation." When it becomes necessary to connect the two strings of

rail being laid with the next two strings, it is done on the work car next to the

pusher car by means of a winch line. The jointed rail is placed at a wide gage on
the tie ends during the laying of the welded rail.

A second shift is used in loading the jointed rail. It is pulled by the pusher

car's hydraulically operated treads into the rail train. The rail is uncoupled every

18 rail lengths to reduce the friction of the rail being pulled over the ties.

While the rail is being loaded, the work train with a magnet equipped crane

picks up the released spikes, anchors and tie plates. This can also be done with a

self-propelled crane behind the rail laying on the first shift.

3.1.2.3.2 One-Rail Method
The welded rail to be laid is picked up from the ground by use of a crane

(either on or off track) and laid on one side of the track only. Rail laying proceeds

as outlined in Table 4 under the heading, "Operation."

The disconnected rail and the other track material is loaded by use of a work
train with cranes. Some roads prefer to load this material daily and others prefer

to wait until the rail laying is completed at the particular location.

3.1.2.4 Production Costs

Table 6 lists an average cost reported in manhours and work train hours per

mile of track for all rail conditions. This can be converted into money at each road's

pay rates, just as the equipment investment can be calculated on current interest

rates. Comparison of this table and the comparable organization tables reflect a dif-

ference in manhours, which is a result of overtime. Pricing at current wages should

be weighted to reflect overtime rates.
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Table 6

—

Manhours per Track Mile. .

Distributing Material Laying Rail Loading Rail

Two-Rail One-Rail Two-Rail One-Rail Two-Rail One-Rail
Employee Class Method Method Method Method Method Method

Supervisory 4 30 30 9 8
Foremen 7 5 25 50 9 12
Operators 7 8 224 247 22 14
Trackmen 26 33 318 427 45 60
Mechanics 24 28
Cooks 24 28
Welders 40 28
Signalmen 6 3

Work Train Hours 2 5 10 9 8

By pricing this table, it can be determined what savings in labor will justify the

additional money required to purchase the specialized equipment needed for the

two-rail method of laying and loading welded rail. The saving per mile is substantial;

however, the total value will depend on the miles of rail to be laid on the railroad

in question.

No consideration has been given to the need for 20 gondolas required for load-

ing each train of jointed rail in the one-rail method. This is an important considera-

tion if this equipment is not available on line.

Lack of available information on the repair of equipment prevents an analysis

of this cost at this time. Mechanics are kept with each rail gang to make running

repairs, but an estimate of money spent for parts and for major overhauls is not

available for this report.

The following items were taken into consideration in the preparation of this

report:

1. The method of housing the gang, type of equipment used, and transporta-

tion are generally of the same type for both methods.

2. Rail anchor and spike* patterns are the same for either method.

3. Released spikes and anchors are not reused on the job in progress.

4. Some rail has been laid by reusing tie plates which would cut down on

the material handling problem, but in all such cases the tie plates were

removed from the ties and the tie plate area adzed and creosoted.

5. All reporting roads heat the rail in the cold weather, but there is not

an economical method in use for cooling during hot weather.

A study of rail laying for two dual and two single gangs on one railroad was

made for the year 1972, resulting in the following comparison:

Dual Systems Single Systems

Manhours (including overtime) 122,686 119,680

Feet Rail Laid 2,064,056 1,509,854

Track Miles Laid 195.46 142.99

Manhours/Track Mile 628 837
Direct Labor Summary $ 811,935 $ 797,204
Labor Cost/Track Mile $ 4,154 $ 5,575
Repair Parts, Fuel & Oil $ 386,057 $ 182,466
Supply Cost/Track Mile $ 1,975 $ 1,276

Total Cost/Track Mile $ 6,129 $ 6,851
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The manhours per track mile in this study compares favorably with the man-

hours shown in Table 6. This also takes into account expenses for equipment repair

parts, fuel, oil and other supplies, which averaged $700/track mile additional ex-

pense for the dual rail system.

This special study does not reflect conditions on all railroads, but attempts to

give additional comparison between the report compiled from a cross-section of

roads as to four specific gangs production and costs during one year.

3.2 TIES

3.2.1 Optimum Size and Spacing

(a) Design Method

Because of the many variables involved in tie and ballast track, the calculation

of track stress and strain cannot be regarded as an exact science. However, in-service

tests have shown that the track structure can be analyzed within acceptable limits

of accuracy by considering the rail as equivalent to a continuous beam resting upon

uniform elastic supports.
1

'
a

(b) Determination of Loading

Application of the elastic theory results in the development of the influence

curves shown in Exhibit 1. This exhibit shows master influence curves8, *• e
for the

relative values of track depression, intensity of pressure and bending moment in the

rail
6, 7 caused by passing vehicles. Design steps outlined on Exhibit 1 should be

followed by each wheel falling within the range of influence. Summation of these

values determines the maximum equivalent isolated load factors for bending moment

(Cm ) and track depression (Cd ). When used in formulas 2 and 3 of Exhibit 1,

these factors determine the maximum values of bending moment and track

depression.

The term Xi, which may be defined as the distance from the wheel load to

point of zero bending moment in rail is a function of rail stiffness and rail support

modulus "u". The equations for maximum bending moment, maximum track depres-

sion, maximum flexural stress, and maximum rail seat load are written in terms of

Xi. As long as tie spacing does not exceed the distance Xi, use of the equivalent

continuous elastic support theory is valid. Further explanation of the equations

shown on Exhibit 1 is given in Appendix 1.

(c) Rail Support Modulus

In the equations of Exhibit 1, the rigidity of the foundation, known as the

modulus of elasticity of rail support, is denoted by the letter "u". It represents the

stiffness and yield ability of tie, ballast and roadway, but does not involve the stiff-

ness of the rail.
8

It is defined as the load in pounds per linear inch of rail which

will depress the track one inch. The value of "u" is related to the quality of the

ties, tie spacing, tie dimensions, depth of ballast, solidity of roadway, character of

tamping and the degree to which the track is maintained. The modulus "u" generally

ranges within the limits of about 400 to above 4000 lb per inch.

In-service measurements taken by the AAR Research Center have determined

that well maintained track constructed of 7-inch X 9-inch X 8-ft 6-inch wood ties

spaced at 20-inch centers9 ' 10 has a "u" value of about 2,000 psi. However, various

studies have determined that a "u" value of 1,500 psi is well within the limits of

acceptability11 for tie and ballast track. The rail support modulus varies direcdy

as the effective bearing area of the tie and inversely as the tie spacing.



Manual Recommendations 177

EXHIBIT I

MASTER INFLUENCE CURVES FOR BENDING MOMENT,
PRESSURE INTENSITY, AND TRACK DEPRESSION

rrrrTTTTTTnT
o • ? J
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Due to flexure under loading, the effective bearing area of wood ties is regulated

to tie thickness as well as to base dimensions. The effective bearing area of concrete

ties, however, is dependent only upon the shape and dimensions of its base.

(d) Dynamic Loading

Maximum stresses in track occur under dynamic loading and are affected by

such factors as speed, transfer of load due to rolling, traction augment (torque

reaction) and track irregularities. Considering speed only, the coefficient of impact

(0) recommended by the Association of American Railroads is:
12

'
13

_ 33 X Speed ( Miles Per Horn)

100 X Diameter of Wheels ( Inches)

(e) Pressure on Ballast

The average intensity of pressure on ballast should not exceed 65 psi.
14

In-

service tests have determined that the load on an individual tie can be as high as

2.7 times the normal value computed from the elastic theory and load increases of

66% were frequent and fairly general. This is due to play between the rail and tie,

variations in ballast tamping and roadbed firmness. In order to account for these

variances in loading, the rail seat loads used to determine the maximum permissible

tie spacing based on pressure on ballast are doubled.10

(f) Pressure on Roadbed

One of the functions of ballast is to transmit the tie load to the roadbed at di-

minished unit pressure. The pressure on the subgrade is a function of the depth of

ballast. With adequate ballast depth, pressure on the subgrade is not a limiting

parameter on permissible tie spacing. Analytical treatment of ballast depth is covered

elsewhere.

(g) Flexural Stress in the Base of Rail

The Association of American Railroads recommends that acceptable rail stress

for continuous welded rail be established as follows:

Lateral Bending 20%
Track Condition 25%
Rail Wear and Corrosion 15%
Unbalanced Elevation 15%
Temperature Stress 20,000 psi

Assuming the yield strength of rail steel is 70,000 psi, the permissible calcu-

lated rail stress due to flexure becomes:

70,000 — 20,000 BKnnn .— 25,000 psi
1.20 X 1-25 X 1.15 X 1.15

(h) Track Depression

The up and down motion of track caused by the application and release of

forces exerted by passing trains results in the deterioration with time of die stability,

line and surface of the track structure. Subsequently, a flexible track is displaced

more readily than a stiffer track and requires more maintenance. In order to maintain

good ride quality and to reduce maintenance costs, it is recommended that track

depression be limited to 0.25 inch.
17

REFERENCES

1. C. W. Clarke: "Track Loading Fundamentals—Parts 1-7", Railway Gazette,

Volume 106, 1957, London, England.



Manual Recommendations 179

2. S. Timoshenko and B. F. Langer: "Stresses in Railroad Track," ASME Transac-

tions, Volume 54, 1932, New York, page 278.

3. See Reference Xo. 1, page 46.

4. W. W. Hay: "Railroad Engineering, Volume 1," 1953, John Wiley & Sons, Inc.,

New York City.

5. A. N. Talbot: "Stresses in Railroad Track," Progress Reports 1-7, AREA Pro-

ceedings, Volume 31, page 90.

6. See Reference Xo. 5, Volume 19, page 886.

7. See Reference Xo. 1, page 46.

8. See Reference Xo. 5, Volume 19, page 883.

9. AREA Proceedings, Volume 21, 733.

10. G. M. Magee: "Second Progress Report of Cooperative Research on Wood Ties

of the Railway Tie Association and the AAR Research Center," 1966, AAR Re-

search Center, Chicago.

11. See Reference Xo. 5, Volume 35, page 114.9.

12. See Reference Xo. 1, page 479.

13. W. W. Hay: "An Introduction to Transportation Engineering," 2nd printing,

1965, John Wiley & Sons, Inc., New York City.

14. See Reference Xo. 9, Volume 67, page 622.

15. See Reference Xo. 1, page 158.

16. G. M. Magee: "Calculation of Rail Bending Stresses for 125 ton Tank Car,"

AAR Research Center, April 1965, Chicago.

17. See Reference Xo. 9, Volume 35, page 1149.

Appendix II

Determination* of Optimum Rail Support Spacing

(a) Determination of maximum track stresses by use of the elastic theory when

considering the rail to be a continuously supported member on an elastic foundation.

1. The basic differential equation for track deflection curve is:
1, 2

ELUy

—rj— = — uy Equation 1

Where: E = Young's modulus of elasticity of steel

I = Moment of inertia of rail section

y = Track depression

x= Point of track depression

u = Modulus of track foundation

The modulus of track foundation ( u ) is defined as the load per unit length of

the rail necessary to produce a deflection of the foundation equal to unity. The value

of "u" is not affected by the rail size.
3

By solving Equation 1, the magnitude of the depression of track "if and bend-

ing moment "M" can be expressed by the following general equations:

y = Ve^T • e-
I!X

( Cos Bx + Bx )
Equation 2

M
* / El= Pd J-=— e-

BX
( Cos Bx — Sin Bx ) Equation 3
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Where: Pd= Dynamic wheel load

4V_iL
V 4Ei

e= Base of Napierian logarithmic system

B ~
' 4E1

2. The distance (Xi) from the load to the point of zero bending moment in the

rail is obtained by setting M = in Equation 3.

IT

M = when Sin x = CosBx and Bx = —p
4

Xi = -— • a/ Equation 4

For tie spacing less than Xx the error in computing rail deflection, bending

moments, etc., is negligible.
4

3. The distance X2 to the point of contraflexure of the rail can be obtained by

setting y = in Equation 2.

tj = when Cos Bx + Sin Bx = and Bx = 3 —r

3r." 4 / 4E1 „ u KX2 =—a~a/ * Equation 5

X2= 3Xi inches

The deflection curve dampens with a second point of contraflexure at 7Xi.

Beyond 2X2 distance the wheel load has negligible effect on rail deflection, bending

moment, etc.

4. The maximum depression (t/Q ) and maximum bending moment "M " are

obtained by setting x = in Equations 2 and 3.

y°= V64W Equation 6

3 / El
Mo — P«C m J -x~ Equation 7

Where Ca , Cm = Maximum equivalent load factors used to adjust Pd for effect

of adjacent wheels on track depression and bending moment

respectively.

The maximum depression and bending moment can be written in terms of Xi by

substituting values from Equation 4.

0.39 PaCa _, -

cY = = Equation 8
uXi

Mo = 0.318 PdCmXj Equation 9

5. The maximum flexural stress "f" in the rail is:

/„ = -^- Equation 10

Where Zb = Section modulus of rail base

Substituting values from Equation 7 and 9, Equation 10 becomes:

, 26.17PdC„, 4 fT „ .. ,,
*•*= % f7 Equation 11

(UlSPdCmX! .

U — ^ PS1
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6. The intensity of pressure (p) against the underside of the rail is given:
5

P= uy Equation 12

Substituting value Yo from Equation 8, the maximum intensity of pressure

(Po) becomes:

Po = —'—
t? Equation 13

The rail seat load (q) on an individual tie is given by:

q = PS Equation 14

Where q = Rail seat load ( pounds

)

p= Rail pressure (pounds/inch)

S = Tie spacing

The maximum rail seat load (q ) is given by substituting the value of p„ from

Equation 13 and becomes:

0.39PdCiS „ M , K
q = t? Equation 15

(b) Dynamic Loading for Determination of Track Stresses

Maximum stresses in track occur under dynamic loading and are affected by

such factors as speed, transfer of load due to rolling, traction augment (torque

reaction) and track irregularities.

The coefficient of speed (0) recommended by the Association of American

Railroads for inclusion in dynamic loading is:
' 1

33V
d
=-100D

Equation 16

Where: V = Velocity (mph)

D = Diameter of vehicle wheels ( inches

)

Example: Substituting a maximum speed of 75 mph and wheel diameter of

28 inches in Equation 16 produces a factor of 88.4 percent for speed. Considering

the other factors mentioned above combined with the speed effect, a dynamic load

of twice the static load can be assumed.89 The static wheel load (P) is 15,000 lb.

Therefore, dynamic wheel load becomes:

Pa = 2P Equation 17

Pa = 30,000 lb

(c) Determining Effective Bearing Area of a Tie

The effective bearing area (At,) on any tie for determining stresses in track is:

A, = bL Equation 18

Where: L = Effective bearing length of tie

b = Width of tie at the base

1. The thickness of tie is to be considered in determining the effective bearing

length of wood ties.
1"

L = l
_ 60 [ ! _ .

0-018 a - 60)
j Equat

.

on 1Q

Where: 1 = Length of tie

t = Thickness of tie
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Substituting the value of L from Equation 19 into Equation 18, the effective

bearing area below each rail seat for wood ties becomes:

A,=Ml-60)[l- 0018^r 60)

]
Equation 20

(d) Determination of Track Modulus («) Values for Varying Tie Sizes and

Spacing

The value of the modulus of elasticity of rail support is dependent upon tie

spacing, tie dimensions, depth of ballast, quality of tie, solidity of roadway, charac-

ter of tamping and surface, and other conditions of the track and its maintenance. 11

As a basis of calculation, u of 2000 lb/in2
will be taken for 7-inch x 9-inch x 8-ft

6-inch ties at 20-inch spacing. This value has been determined from track loading

measurements and is also used as a basis of calculation by the Association of

American Railroads in current research.
12

'
13

Based on u varying inversely with tie spacing and directly with tie effective

bearing area, the value becomes:

S' Ab
u=^---aV u

Where: S', A'b, u' are from a control situation.

Substituting control situation values mentioned previously, the value of u with

varying tie sizes and spacing becomes:

128A„ „ .. 01u = —^

—

Equation 21

(e) Determining Strength of Tie

The strength of a wooden tie is computed by considering the overhang length

of the tie from center of rail seat to the end of the tie ( Q ) as a cantilever carrying

a uniformly distributed load equal to the maximum load on the tie divided by the

effective bearing area of the tie." The flexural stress (ft) on the underside of the

tie below the rail seat is given by:

f t = 6 -?1 .: |§ Equation 22
Ab or

Allowable tensile stress in the tie is 1100 psi.
15

(f) Track Depression

For use in calculating track depression based on rail seat loads, a track constant

(K) can be established for each size tie.
19

K = uS Equation 23

Equating like quantities in Equation 8 for maximum depression and Equation

15 for maximum rail seat load, an equation for track depression is developed in

terms of rail seat load and the track constant for each size tie.

«*.-
Xj

0.39 PgC a

X1

q^ 0.39 PdCj

S ~ X,

uy Si
S

y = —jj-= —jt- Equation 24
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For maximum track depression of 0.25 inch the maximum permissible rail seat

load is determined for:

(/., = 0.25 K Equation 25

(g) Determination of Track Modulus (u) Values for Direct Fixation

( Usually in Transit Systems

)

The value of the modulus of elasticity of rail support (u) for directly fixed

track is dependent upon the moment of inertia of the rail section and the amount

of depression obtained by the compression of the fastener pad under load and is

obtained as follows:

u = 0.25
Z

a/-^-t Equation 26 17

The allowable depression of a rubber pad is limited to 15% of its uncompressed

thickness. Strain in compression greater than 15% produces internal stress within

the rubber which accelerates the rate of creep and weather cracking.
18

Direct fixation fasteners presently in service use /2-inch pads. These pads allow

a maximum deflection of 0.075 inch. Therefore, the ( u ) values for three rail sections

are as follows:

100 lb, I = 49.0 in*, u — 6500 Ib/in/in

1 15 lb, I = 65.6 in
4
, u = 5900 lb/in/in

132 lb, I = 88.2 in
4
, u = 5400 lb/in/in

(h) Determination of the Natural Frequency of Track

The natural frequency (/„) of track varies directly as the square root of the

modulus of support and inversely as the square root of its mass and can be approxi-

mated by the following equation:

'=£/w Equation 27^

Where: G = Acceleration of gravity (386 in/sec2
)

W I = Weight of rail ( lb per inch

)

Since (tt) := 6000 lb/in/in for direct fixation and = 1500 lb/in/in for tie and

ballast track, the natural frequency of directly fixed track is approximately twice

that of tie and ballast track.

(i) Rail Support Spacing on Jointed Track

The rail joint is the weakest part of the track structure and for this reason the

support spacing is reduced to compensate for this inherent weakness.

From Equation 11, it is apparent if the flexural stress in the joint bar is not to

(S) 1/J

exceed that allowed for the rail, the ratios Xi/Zb and —^ must remain constant.
Cm

This means that the rail support spacing varies as the fourth root of the section

modulus for the same loading.

For example, the selection modulus of 115 RE joint bars (Zj) is 9 in
8 and the

section modulus of 115 RE rail (Zi,) is 22 in
3
; therefore, when the support spacing

(S) is 30 inches for continuously welded rail, the support spacing (Sj) for jointed

track becomes: 1

4 /Zu
Sj = S a/ -j- Equation 28
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Substituting given values in Equation 28, the support spacing for jointed

track is

Sj = 30 V9/22
Sj = 24 inches

For uniform spacing of 20 supports per 39-ft rail length, the supports should

be spaced on 23 % inches centers. This will ensure an equal number of rail supports

per rail length and prevent interference of rail joints with fastening of rail to the

supports.
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3.2.2 Methods of Handling & Installing

(a) Handling

1. New Construction—Ties may be handled by distributing to the prepared

subgrade or sub-ballast by off-track equipment, such as truck, truck crane with tie

bundles, front-end loaders, specially built tie distribution machines for larger con-
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struction jobs, etc. Ties should not be handled onto the prepared subgrade or sub-

ballast by dragging them into place. Ties may also be handled in prefabricated track

panels at the construction location and hauled in by work train. Off-track cranes can

then place the panels.

2. Maintenance and Replacement Ties—Ties should be handled and distributed

to location for replacement by on-track equipment, such as work train with ties

loaded in gondolas, flatcars, boxcars or specially built tie cars. This type of handling

is most feasible for large out-of-face tie renewals where a great number of ties are

required. For section maintenance and spot renewals, ties are best handled by motor

car or a tie handler with flat bed trailer for carrying ties to locations for replace-

ment. This type of handling is for section crews or small tie crews.

(b) Installing

1. New Construction—Installation of ties consists of placing the ties on the

prepared subgrade or sub-ballast at the proper spacing and line. The ties may be

pre-plated to gage, ready to receive the rail. This will reduce the labor required to

distribute and complete the tracklaying after the ties have been placed.

2. Maintenance and Replacement Ties—After ties have been distributed to

locations for placement there are two methods of in-track installation.

a. Manual installation or hand labor usually by a small section crew equipped

with hand jacks for raising the track to eject the old tie and receive the

new tie, shovels for tamping the tie to surface, spike hammers for spiking

tie plates to tie, and a gage for spiking rail to gage. Also needed are lining

bars and claw hammers.

b. Mechanized installation used for heavy tie replacement is the most used

method in annual tie renewal programs. A typical mechanized tie gang

may be equipped with, but not limited to, the following machines:

Spike pullers

Tie removers or cutters

Tie bed scarifiers

Tie inserters

Rail lifters

Automatic spikers

Rail anchor machine

Ballast regulator

Automatic tamper and/or track liner

Tie handling machine for old ties

3.3 BALLAST

Ballast size and type used in new track construction or for replacement or

replenishment of existing ballast should be in accordance with AREA Manual Part

2, Chapter 1, Specification for Ballast. Ballast sections should be in accordance with

those recommended in AREA Manual Part 2, Chapter 1, or may be determined as

outlined in the following sections:

3.3.1 Economic Section

(a) Ballast Depth Under Ties
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The generally accepted railroad practice of limiting subgrade pressure to 20 psi

is recommended herein. The following equations have been developed to determine

the depth of ballast required to obtain the desired pressure.

Where: Pc = Maximum intensity of pressure on subgrade (20 psi)

2o
pm = Intensity of pressure on ballast s= "'/" = psi

Aii

h = Depth of ballast below tie ( inches

)

1. Talbot Equation

16.8 p,„ _ ,. .,

p c '= —j-^— Equation 1

2. Japanese National Railways Equation

50 pm „ -3
Pc ~

10-f/i
13-1

Equation 22

Where: h = Depth of ballast below tie (centimeters)

3. Boussinesq Equation

6cr „ . „,
Pc = "2^T Equation 3

4. Love's Formula

Pc — Pm 1 -
I i i

r* 1
j

Equation 4Wl
Where: r= Radius of a uniformly loaded circle whose area equals the effec-

tive tie bearing area under one rail seat.

(b) Width of Ballast Shoulder at Ends of Ties

The force necessary to move a tie buried to a depth of 4 inches in ballast,

having 6-inch ballast shoulders and carrying no vertical load is approximately

300 lb.
3

The lateral force produced by continuously welded rail on curved track as a

result of changes in temperature6
is calculated by the following equation:

P f = 0.441 DcA Equation 5

Where: Pt = Lateral force (lb/linear ft)

Do s= Degree of curve (8°

)

A, = Temperature change (65°)

Pt = 0.441 (8) (65)

Pt e= 229.32 lb/ft

The ballast shoulder widths at the ends of 7-inch x 9-inch ties for 19/2-inch tie

spacing is as follows:

Pt— 229.32 X 1.625=230.95 lb

230.95 r= 0.770 (12) = ^|i = 4.62 inches

The condition of the ballast section and the amount of ballast at the ends of

the ties is considered very important to the lateral stability of the track.
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3.3.2 Replacement and Cleaning

Part 2 (Ballast) of Chapter 1 (Roadway and Ballast) of the AREA Manual

for Railway Engineering (Fixed Properties) contains a brief description of the types

of ballast which are recommended to be used, specifications covering their manu-

facture, shrinkage allowances to be added when loading and a general statement

about cleaning fouled ballast. This section amplifies Part 2 and makes specific

recommendations concerning the replacement and cleaning of ballast.

Ballast requires replacement or replenishment when it becomes worn out or

too foul to perform the sendee for which it is intended. It becomes worn out when

it loses its character as ballast due to pulverization, decomposition, or becoming an

admixture with other particles. It becomes foul when the interstices between the

ballast particles become filled with foreign matter, thus preventing the ballast from

performing its proper function; namely, to drain moisture away from the rail

and ties.

The determination of whether to completely replace the worn out or fouled

ballast with new ballast or to clean the existing ballast and replenish it with enough

new ballast to restandardize the ballast section depends upon several factors. One of

these is the cost of skeletonizing the tie cribs, plowing off the ballast shoulder, and

hauling and distributing the new ballast versus the cost of cleaning the existing

ballast with a ballast cleaner and spreading only enough new ballast to bring the

newly surfaced track back to its standard section. Tie renewal work is facilitated

by this method. In each case it is assumed that the ties are not undercut, the lift

is the same, and there are no overhead or lateral clearance restrictions.

On sections of tracks where cycle maintenance is performed, the track is usually

raised on the existing ballast; based on the theory that the foreign material in the

ballast has leached out from the tie cribs and that the lift will be made on clean

material. The problem of whether to plow off the ballast shoulder or clean the

shoulder to provide adequate drainage must still be resolved. Sufficient ballast to

replenish the original ballast section may then be spread. Tie renewals are slightly

more difficult to make than in the above situation because of the amount of old

ballast remaining in the crib. In those conditions where overhead close clearance

or lateral close clearance conditions exist where the grade cannot be raised, the

entire ballast cross section must be skeletonized by undercutting, thus allowing tire

material in the crib to be removed and cleaned (if desired) by an undercut -

ter/cleaner. The depth of the undercutting will depend on final profile grade of the

track as well as depth of ballast under tie. In those locations where overhead or

lateral close clearances exist, the undercutter/cleaner can remove and clean the

shoulders as well. In locations where lateral close clearances are not present, the

shoulder may be plowed off and the crib material used to rebuild the subgrade
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to the desired height. Tie renewals are usually made after the track has been

skeletonized.

When both tracks of a double-track line are to be ballasted, the ballast in the

inter-track space may be removed or cleaned by special machinery.

3.3.3 Methods of Unloading and Distributing

Ballast is usually hauled in trains of hopper cars (with or without special door

contrivances) or in center/side opening ballast cars. It is unloaded in the center

and/or sides of the track and distributed by a spreader, ballast distributor or regu-

lator; in some cases a cross tie placed in front of the rear truck of a ballast car can

be used. After the ballast has been properly distributed track is raised using jacks,

and tamping of ties should be carried out by means of mechanical tampers. Tampers

with integral jacks may also be used; hand tamping can be utilized but is not recom-

mended due to high cost and uneven tamping results. Track raises can be accom-

plished by use of an under-track sled for the initial raise with a final surfacing raise

being carried out by power jacks and mechanical tampers. In any event, track

should not be raised in excess of 4 inches for each raise to prevent excessive

settlement.

When using mechanical type tampers, the depth of tamping tools should be

set to the depth below bottom of tie to ensure proper tamping. Squeeze pressure

of tamping tools on tampers so equipped must be set to suit type of ballast being

tamped to ensure that ballast is properly tamped throughout portions of track tie

over which live load is to distribute.

Upon completion of raise, tamping and alinement, ballast section is given its

final shape by means of a ballast regulator equipped with a track broom. Final dress-

ing can be done by hand methods but is not recommended due to high cost. Con-

sideration should be given to the use of ballast compactors which compact tie cribs

and ballast shoulders. Use of compactor increases lateral resistance and increases

the life of line and surface of track. On new construction work, enough ballast

to fill the under-track area between the top of the sub-ballast (or sub-grade) and
the bottom of the tie may be hauled and unloaded by rubber-tired dump trucks. It

may then be distributed by blade graders and compacted by rollers or vibratory

compactors.

After the ties and rail have been placed, the remaining ballast work is similar

to that required in raising track as outlined.

The final dressing is done either by hand or by ballast regulator and track

broom.

3.4 OTHER TRACK MATERIAL

3.4.1 Proper Use of

(a) Joint Bars—Steel members embodying beam strength and stiffness in their

structural shape and material; used in pairs for the purpose of joining rail ends

together and holding them accurately, evenly and firmly in position with reference

to surface and gage-side alinement. They should be used only with the rail section

for which they are designed.

(b) Insulated Joint Bars—Joint bars designed to arrest the flow of electric

current from rail to rail by means of insulation so placed so as to separate the rail

ends and other metal parts connecting them. They are used to electrically isolate

one section of rail from another.
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(c) Compromise Joint Bars—Joint bars designed to join rails of different

cross section. They should be applied in such manner that the gage side of the ball

of the rail is continuous.

(d) Track Bolts—Used to fasten two joint bars together by tightening nuts

to the proper tension. They are usually made with rolled threads and may be fitted

with either oval or elliptic necks to fit the holes in the joint bar to prevent twisting

when tightened as they have a button-shaped head.

(e) Nuts—Used to tighten bolts as stated above. The nut diickness is usually

the same as the bolt diameter over the threads. Track bolt nuts are usually square

headed.

(f ) Nut Locks—Used to retard the loosening of the nut by exercising a con-

stant pressure against it. They are usually made of spring steel and are applied

between the inside face of the nut and the joint bar. They should have a hole not

more than 1/16 inch greater in diameter than the bolts with which they are to be

used.

(g) Tie Plates—Metal plates interposed between the rail or other track struc-

ture and the tie. Their purpose is to increase the bearing area between the rail and

the tie and thus decrease the unit pressure on the tie in order to retard crushing and

to increase the life of the tie. They may be either single- or double-shouldered

with plain bottoms, ribbed bottoms or with bottoms of various configurations. They

also assist in maintaining track gage. They should be used only under the rail section

for which the spike holes in the plate are punched.

(h) Track Spikes—Spikes inserted in the tie to hold the rail to proper gage

and line. They may be either screw spikes applied with a special wrench or drive

spikes applied with a hammer. Drive spikes are almost universally used in North

America. They should be started vertically and driven so that die edge of the spike

does not touch die edge of the rail base nor the head of the spike come in contact

with the top of the rail base.

(i) Rail Anchors—Track appliances designed to resist longitudinal rail move-

ment due to traffic or temperature variations, or both. Their proper application is

dependent on their type. The manufacturer's recommendations should govern.

( j ) Turnouts—Arrangements of switches, frogs, guard rails and closure rails,

by means of which rolling stock may be diverted from one track to another. The
turnout angle should be governed by the location of the turnout and the speed at

which rolling stock is to transverse it.

(k) Switches—Consist of two switch rails which are the tapered rails of the

assembly together with the necessary fixtures. The switch rails may either be curved

or straight and of different lengdis depending on the railroad's standards and with

what turnout they are to be used. The speed through the switch and the speed

through the turnout curve should be as nearly alike as possible.

(1) Frogs—Track structures used at the intersection of two running rails to

provide support for wheels and passageways for their flanges, thus permitting wheels

on either rail to cross the other. They may be rigid bolted, spring rail, manganese
insert, solid manganese, plain or self guarded. The frog angle, on which the number
of the frog and the entire turnout is barfed, is the angle formed by the intersecting

gage lines of the frog. The proper frog number and type is dependent on the

location of the turnout and the speed, nature and extent of the traffic on both tracks.
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(m) Guard Rails—Rails or other devices used to guide the wheel flange so

that it is kept clear of the point of frog. They may be either an assembly of ijails,

Iwlts, spacers, etc. or cast in one piece. Their proper use is dependent on the type

of frog used in the turnout.

(n) Switch Rods—Solid metal rods used to hold together the two switch rails

by means of bolts and appropriate clips on both the rods and the switch rails. They

may be either insulated or non-insulated, vertical or horizontal in position depending

upon the type of fastening device on the switch rail.

(o) Connecting Rods—Metal rods connecting the switch rails (through the

No. 1 rod) and the switch rail throwing mechanism. Their type is dependent on

whether the switch rail throwing mechanism is manually or machine operated.

(p) Switch Stands—Mechanisms with levers to throw switch rails manually.

They may be either ground throw or column throw; low, intermediate or high

depending on the height between the base of the lamp tip and the top of the tie.

They may be either rigid, spring or automatic. The proper type to use depends on

the use to which the turnout is to be put.

(q) Switch Lamps—Lamps lit by kerosene, electricity or some other medium,

shining through lenses of different colors or reflected upon luminous surfaces of

different colors to denote the position of the switch rails. Their use is dependent

upon the nature of traffic over the turnout; i.e., is there or is there not any night

traffic.

(r) Switch Locks—Locks placed in such position on a switch stand to prevent

moving the lever by persons not in possession of a proper key. Their use is self

evident.

(s) Switch Machines—Mechanisms operated by electricity, compressed air

or other means used to throw the switch rails of a turnout from a distance. They
should be used only in CTC territory, hump yards or at interlocking towers.

(t) Switch Braces—Metal shapes designed to fit the contour of the side of

the stock rail and extend over the switch plate, with provision for fastening through

the plate to the tie, to restrain the movement of the stock rail.

(u) Track Shims—Either hardwood or laminated wood of various thicknesses

and usually the same size as the largest tie plate in general use. They may be either

drilled so that the holes in the plate coincide with the holes in the shim or undrilled

for use under more than one size of rail.

(v) Gage (or Tie) Rods—Rectangular metal rods, usually hooked on each
end, designed to fit under the base of rail, engaging both rails to hold them at the
desired distance apart. They should be used only in those locations where there is a

likelihood of the rails spreading beyond the desired distance.

(w) Rail Braces—Metal shapes designed to fit the contour of the outside of
a running rail and extend over the tie, with provision for fastening thereto to restrain
the outward movement or tilting of the rail with consequent widening of the gage
Their proper use is at those locations where there is a likelihood of the running rail

tilting outward under traffic.

(x) Derails—Track structures for derailing rolling stock in case of emergency
Their proper use is self explanatory

(y) Bumping Posts—Track structures placed between the running rails of
a track to stop the movement of rolling stock. Their proper use is self explanatory.
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(z) Railroad Crossings—Track structures consisting of four special type frogs

to permit one track to cross another. Their proper use is self explanatory.

(aa) Gage Plate—A special type of steel tie plate placed either on a switch

tie or on a cross tie ahead of the switch tie for the purpose of holding the two stock

rails in proper gage by means of rail braces bearing against the field side of the stock

rails.

(bb) Tie Pad—A pad slightly smaller than a tie plate and made of plastic or

natural fiber material impregnated with rubber, placed between a steel tie plate and

a wooden tie to cushion shock, reduce or eliminate plate cutting and delay deteriora-

tion of the tie.

3.4.2 Reclamation

All Other Track Material should be reclaimed if the cost of labor, plant, equip-

ment and material to reclaim it is less than the cost of new material minus the scrap

value of the old material; otherwise it should be scrapped.

3.5 TRACK

Track is defined as "An assemblage of rails, ties and fastenings over which

cars, locomotives and trains are moved." Ballast may or may not be a part of the

track, depending on the class of the track in question.

3.5.1 Methods

Track shall be constructed in accordance with the recommended practices

contained in Chapter 5, Track, especially Part 4, Track Construction of the AREA
Manual for Railway Engineering (Fixed Property), for the class of track to be

constructed.

Track shall be maintained and inspected in accordance with the requirements

for the class of track in question and in accordance with the recommended practices

contained in Part 5, "Track Maintenance" of Chapter 5, Track, of the AREA Manual
of Railway Engineering (Fixed Property)

3.5.2 Equipment

Specialized hand tools used in the construction and maintenance of tracks

shall be in accordance with Part 6, Specifications and Plans for Track Tools of

Chapter 5, Track, of the AREA Manual for Railway Engineering (Fixed Property).

There has been a multiplicity of specialized equipment designed for construction

of track at specific locations. Description of much of this equipment has been fully

covered in past AREA Bulletins.

Equipment used for raising and surfacing newly constructed track is the same
as that used for raising and surfacing existing tracks.

The following is a typical equipment requirement and manpower organization

for production raising and surfacing of track:

Description Approx. Price 1972

1 Self-Jacking, Autolining Tamper $ 85,000

1 Companion Tamper ( no jacking or lining ) .... 36,000

1 Ballast Regulator 27,000

$148,000
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The above list does not cover equipment for tightening bolts and cross grinding

joints (only on bolted rail) as may be desired in connection with surfacing existing

track. Also, depending upon how the ballast is distributed, it may be necessary to

have a second ballast regulator ahead of the tamper to properly distribute ballast;

however this usually can be avoided by proper and careful unloading of ballast.

Gang Organization for Raising & Surfacing

No. of
Machines Equipment Operation Force

I Self-Jacking, Autolining

Tamper Raise & Tamp Alternate Ties 1 Operator
.— Spike Maul, Clawbar,

Fork Raise down ties, etc. 2 Trackmen

1 Companion Tamper Tamp Alternate Ties 1 Operator

1 Ballast Regulator Dress Ballast 1 Operator
_ .... Supervision 1 Foreman
— Repair Truck Repair Equipment 1 Repairman

This organization does not include any supporting forces which may be re-

quired such as camp car attendants, cook, etc.

There are available machines which tamp switches and at least one which will

raise a switch as well. It may be beneficial to substitute such a tamper for the com-

panion in the above organization. However, if this is done, force requirement will

have to be adjusted accordingly. None of the switch tampers will tamp all of the

ties in a switch and means must be provided to tamp these not tamped by machine.

If a railroad does not desire to have track fined currently with tamping opera-

tion then liners are available which require usually one man to operate on tangent

track and an additional man for curves.

3.6 ROADWAY
Roadway is defined as being "An earthwork structure within the limits of a

railroad right-of-way." It includes the subgrade and the roadbed shoulder but does

not include the track which rests upon the subgrade.

3.6.1 Methods

The method of constructing and maintaining the earthwork structure is detailed

thoroughly in Chapter 1, Roadway and Ballast, of the AREA Manual for Railway
Engineering (Fixed Property).

3.6.2 Equipment

The equipment used in the construction and maintenance of the earthwork
structure is, in general, the same type as that used in conventional earthwork
projects. On some railroads the size of the equipment is limited to standard clear-

ances for the purpose of transporting by rail. This type of equipment can be either

owned or leased by the railroad. It is usually more economical to lease large pieces

of equipment for short term use. Types and use of equipment is covered in Chapter
1, Roadway and Ballast, of the AREA Manual.

3.6.3 Special Features

All maintenance and construction work except track and structures falls under
the general classification of "Roadway." However, the following items within this

classification require special consideration:
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3.6.3.1 Highway Crossings

General specification for Highway Grade Crossings Over Railroad Tracks is

covered for several types of crossings in Chapter 9, Highways, of the AREA Manual.

A high standard of maintenance is essential for highway grade crossings; therefore,

the specifications for construction should be applied to maintenance practices.

3.6.3.2 Station Tracks

The same maintenance standards are required for station tracks as for line of

road. However, because of restricted clearances from platforms, sheds, etc., opera-

tion of large mechanized maintenance gangs may be limited. A discussion on track

arrangements is covered in Chapter 14, Yards and Terminals, of the AREA Manual.

3.6.3.3 Yard Tracks

Freight terminals are covered under Part 3, Chapter 14, of the AREA Manual.

In order to avoid deferred maintenance, which ultimately results in large budget

overruns, all yard track maintenance should be carefully planned to fit the operating

plan of a particular terminal. Such planning requires, on the part of the maintenance

supervisor, a thorough knowledge of all yard operations. Maintenance operations

should be scheduled to cause a minimum of interruption to yard activities.

3.6.3.4 Vegetation

Vegetation on track and right-of-way can be a deterrent to drainage, constitute

a fire hazard and in addition present an unsightly appearance. Burning of weeds,

shrubs, underbrush, etc. is prohibited in most areas. Hand and machine cutting

are costly and do not result in a satisfactory job.

The most economical method of vegetation control is an application of chemi-

cals, either wet or dry. Chemical application must comply with existing local and
Federal regulations.

3.6.3.5 Stabilization

Roadbed stabilization is covered in Chapter 1, Roadway and Ballast, of the

AREA Manual.

3.7 BRIDGES

A railway bridge is, by far, the costliest portion of any railroad system. For
this reason the type of bridge design selected, for any given location, should take

into consideration the economical length of span, that will require a minimum of

maintenance and be relatively safe from potential flood damage.

Timber Structures and Concrete Structures and Foundations are covered in

Chapter 7 and Chapter 8, respectively, in the AREA Manual. Chapter 15 of the

AREA Manual covers Steel Structures.

3.7.1 Types of Structures

(a) Culverts and Waterways

At one tune stone masonry and timber were used extensively for the construc-

tion of simple culverts and waterways. Many of these structures are still in service.

However, as it becomes necessary, these structures are replaced with concrete and
corrugated metal culverts. This type material is used almost exclusively for culverts

in new construction as it provides a low initial cost as well as low maintenance
structure.
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(b) Concrete Structures

1. Cast-in-place/reinforced

2. Precast

3. Pies tressed

(c) Steel Structures

1. Rolled sections

2. Plate girders

3. Trusses

4. Box girders

(d) Timber Structures

1. Pile bents and timber deck

2. Laminated beams

(e) Composite

1. Steel on concrete foundations

2. Concrete deck on steel beams or girders

3.7.1.1 Methods

The annual Bridge Budget usually requires a sizeable portion of the money

allocated for track and structures maintenance.

Estimates for expenditures should be based on comprehensive inspections with

particular emphasis on priorities for work to be performed. These priorities may be

categorized with respect to age of structure, type of structure, deferred maintenance,

traffic density, etc. Once a priority for expenditures has been established, the next

most important item is to develop a schedule of performing the work. This schedule

can be based on seasonal traffic density weather ( flood season ) access, ( on-track, off-

track) availability of materials, availability of manpower, etc. The advantage of

using CPM or similar type scheduling techniques should be considered.

While bridges are not replaced on a periodic basis and replacement members

are usually in kind, full consideration should be given, at every opportunity, to use

the most economical replacement material possible.

There should be a continuing program of replacing high maintenance cost

structures with some type of low-cost structure wherever feasible.

Consideration should be given to the use of newly developed paints and other

coating products which will prolong painting cycles.

3.7.1.2 Equipment

The locomotive crane and self-propelled pile driver have long been the main-

stay of bridge construction and maintenance. However, in recent years, there have

been many new machines developed to aid in bridge maintenance. A machine with

a hydraulic boom capable of reaching below die deck has proven useful in general

repair work and painting. Numerous small power tools have become available in

recent years. The proper selection of the many machines and power tools available,

and a judicious assignment to a job for which they are bost suited can result in

lower bridge maintenance costs.

3.8 BUILDINGS

Increased competition for maintenance money requires that those responsible

for building construction and maintenance use an increasing amount of ingenuity

and managerial effort. It is of primary importance that all work on buildings be

done as efficiently as possible.
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3.8.1 Methods

With labor costs increasing steadily, the use of better materials is mandatory,
since better and more durable materials require less maintenance. The use of

superior material over that previously used and which does not require periodic

painting is an important consideration. The use of plastics and other types of new
materials that can be used in replacing glass reduces labor costs. New structural

systems involving the use of precast/prestressed concrete, modular, tilt up, lift slab

and other similar systems which increase efficiency of construction become increas-

ingly important. The use of prefabricated buildings, where suitable, may result in

more flexible arrangements whereby buildings can be relocated from place to place

as needs change.

Another area where managerial effort can be put forth is that of influencing

designers to build in maintenance-free qualities in new buildings. This is particu-

larly true in the case of uses which create special requirements for buildings. For

example, in buildings housing electronic data processing systems, additional demands
are made on electric power and air conditioning to control the heat and humidity.

In addition, special floor systems, acoustical treatment, vapor barriers, vibration

and dust controls, and fire protection systems to avoid damage to expensive equip-

ment may well be required.

Full consideration should be given to the use of C.P.M. (Critical Path Method)
and/or control methods in railway building and construction to reduce cost.

Likewise, because of the many changes that are being made from year to year

in the design and uses of railway buildings, consideration should be given to

designing for fixed obsolescence in buildings—in other words, rather than designing

all buildings alike for a life of 40, 60 or more years, consideration should be given

to the projected useful life of a particular building and the possibility that it may
become obsolete in a shorter period of time.

There have been numerous developments in the area of new paints and coat-

ing products which will simplify and prolong painting or other maintenance cycles.

Examples are die use of epoxies, vinyl materials, polyesters, urethanes and fire-

retardent paints. Other recently developed materials that require no painting,

especially "plastics," have come into increasing use, and should be considered in

new building construction and in remodeling or maintenance operations.

Anyone involved in design and construction and/or maintenance of railway

buildings should carefully compare the unit costs for different types of construc-

tion, and also take into consideration the use of mobile office facilities. Excellent

studies have been made by AREA Committee 6—Buildings. Considerable informa-

tion was developed and reported in Volume 67 of the Proceedings.

3.8.2 Equipment

Major developments in mechanization of railway maintenance operations have
unfortunately been limited in the past to track maintenance procedures and, to a

lesser extent, bridge maintenance. There has been comparatively little equipment
developed that is specifically applicable to maintenance of buildings. There are,

however, some types of equipment that should be utilized to the fullest extent pos-

sible in building construction and maintenance. Those mentioned here do not com-
prise an all-inclusive list, but represent a minimum amount of equipment which
should be employed in building work. These include power scaffolding for work on
exterior and interior of buildings, the use of mobile one- and two-man cranes com-
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monly known as "cherry pickers," the use of sand-blasting and paint spray equip-

ment and the use of backhoes for foundation and utility construction. The selection

of small power tools available is almost limitless, to the extent that there are very

few building construction and maintenance operations in which their use cannot

be efficiently and effectively applied.

3.9 TUNNELS

3.9.1 Introduction

Construction of new facilities requiring the decision of planners with respect

to tunnel, open cut or alternative alinements should include a consideration of the

maintenance problems and costs associated with each of the choices, as well as the

first costs of the alternatives. Likewise, tunnel maintenance programs, both preven-

tive and corrective, must be planned with a view to the type and condition of

construction to be maintained and to a study of the possibility of elimination of the

tunnel if a more attractive alternative to an expensive repair project, including first

and maintenance costs, can be found.

3.9.2 Construction of New Facilities

3.9.2.1 General

Thorough consideration must be given to the alinement alternatives during the

feasibility and other early planning stages of design. Factors such as gradient and

alinement, type of terrain and construction problems associated with the geology,

climate and materials available for construction, waste disposal areas, power sources,

cost of rights-of-way and labor sources must be considered. An additional considera-

tion which always has an impact on future costs and which is often neglected in

relation to first cost considerations is that of maintenance costs and problems.

Realistic evaluation of the anticipated maintenance costs can negate an apparent

economic first cost advantage. Tunnels are often an expensive maintenance prob-

lem. Sufficient attention to early design stages with respect to geology, hydrology

and climatology can furnish valuable information to anticipate not only construc-

tion problems, this study may also indicate significant maintenance problems as to

be an overriding influence on the decision regarding construction of the tunnel,

or an alternative, very early in the design. Tunnels are generally a more expensive

type of construction than that of open-terrain types of construction, both from the

first cost and the maintenance cost standpoints. Tunnels, therefore, are to be avoided

from both standpoints as a general, but not exclusive, rule. Certain conditions, how-

ever, may indicate the tunnel alternative as an obvious advantage from both

standpoints.

Long, circuitous alinements that are often required for a by-pass in moun-

tainous areas to maintain the relatively low gradients required for a railway can

quickly equalize the first cost of tunnel construction. Winter maintenance for lengthy

open alinements can easily outdistance the comparative low cost of tunnel winter

maintenance, if sufficient care is taken with portal and tunnel drainage and leakage

control to prevent very expensive tunnel ice removal problems.

Another offsetting consideration which may give the tunnel alternative added

advantage is the possibility of sharing the tunnel facility with a utility or other

revenue producing lessee. Oil companies, electrical, water, sewer, or gas utilities

are possibilities
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Open cuts with relatively low first costs and small real estate acquisitions, may
also invite high maintenance costs in slope control, and snow and ice removal. The
potential for the worst in winter climates is, of course, greater at the higher eleva-

tions at which these open cuts would occur.

3.9.3 Maintenance of Existing Tunnels

3.9.3.1 Preventive

A comprehensive preventive maintenance program is vital to the long term

competence of the tunnel structure and related facilities.

This program must be based upon complete and early information regarding

potential defects. To this end, a regular inspection should be made of all tunnels

and the results of the inspection should be reported in a standard manner to facil-

itate the evaluation of data. Color photographs are an invaluable aid in interpreting

geologic, ground water, structural defects and other conditions affecting the pro-

gram of maintenance or correction to be used, particularly when monitoring a

changing condition. The standard report form adopted should provide for the uni-

form reporting of the type of defect, by degree of severity (including measure-

ments) and by both longitudinal and transverse locations. Other information on the

report form should be arranged uniformly, such as the notations being recorded in

the same direction (up-station, west to east, south to north, etc.) general tunnel

data, as length, gradient, alinement (tangent, curvature right or left and by degree)

date and type of construction, including type of lining, if any, previous defects and
improvements. Particular features such as footings, linings, walls, arch, portal struc-

tures, drainage facilities, approach and portal slopes should be systematically and
regularly inspected and reported in consistently uniform terms. Inspection should

be conducted at least yearly and more often as conditions such as freeze/thaw,

rainfall and general conditions may dictate. Adequate time and the use of proper

equipment should be utilized in these inspections. A scaffold car with mounted
floodlights and a portable generator or other adequate power source is indispensable.

For short tunnels (1,000 ft ±) without serious defects, locations may be
adequately described in general terms as, for example, east (south) approach, east

( south
)
portal, tunnel near east ( south ) portal, mid-tunnel, tunnel near west ( north

)

portal, west (north) portal and west (north) approaches. Stationing should be
indicated.

For longer tunnels (or for shorter tunnels with more serious problems) a more
detailed system of reporting by station or distance from a particular portal may be
necessary to develop the design of the corrective program required. Stationing should

be permanently and conspicuously displayed in the tunnel to assure accurate report-

ing, and should show in photographs.

Notations regarding the condition of the track alinement, leveling, mud pump-
ing through ballast and like symptoms may give an indication of conditions requir-

ing treatment such as drainage or leak control or unstable invert or sidewall or

footing materials.

Other conditions such as ice forming on operating surfaces or hanging from
overhead or side surfaces which would interfere with the operations of rolling

stock or damage to lading should be noted. Ice conditions should be monitored
regularly with recordings of air temperature, date of first and last appearance and
the extent of build-up during the period.
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A record of maintenance and corrective projects (including the costs of the

treatment of ice conditions) should be kept with the inspection record to aid in

assigning projects a priority rating for required corrective work.

Operating details as to frequency of trains, availability of alternative routes,

if any, the seasonal character of freight loads, daytime and nighttime scheduling

comparisons, prevailing direction of travel of loaded and empty trains, and all other

similar considerations should be reported regularly to indicate availability of on-track

time for preventive or corrective work and to assist in the selection of times for

repairs. This information is generally well known to die local section maintenance

crew or tunnel gang but would not be generally known to a prospective contractor

who may be preparing a bid for work to be let to contract. Full consideration of

this factor will result in the formulation of a program which will make the best use

of the time available for work, by planning the schedule around die restrictions,

and will result in a reduction of the costs of the repairs.

3.9.3.2 Drainage

Proper control of drainage is the single most highly contributing factor to

achieving as nearly a maintenance free tunnel structure as possible. It is always

best when a tunnel can be constructed so that a summit vertical curve with an

ascending approach gradient and a descending exit gradient occurs within the tun-

nel. This results in a flow of drainage out of die tunnel at each portal. Occasionally

this cannot be arranged and it is necessary to conduct drainage through a tunnel.

Special care must be taken in this latter case to insure an uninterrupted flow

through the tunnel.

Overhead and sidewall leaks are structurally debilitating and such leaks must

be collected at their sources by a system of dry-packing during original construc-

tion or by chasing or panning at the time of construction or later as leaks may
develop. The character and quantity of flow of leaks are significant factors. Chem-
icals in the water may attack concrete, steel and timber while high velocities can

cause scour and erosion.

Roadbed ballast must be protected by a well drained area to each side so as

to prevent contamination and the resulting deterioration of the surface grade and

alignment.

A well-planned and well-maintained drainage system within the tunnel is essen-

tial to trouble-free maintenance. Drainage channels and pipes should be placed

so as to achieve the greatest possible insulation from low temperatures.

Drainage around portal areas that is not adequately planned and maintained

can cause serious problems at the portals where ground cover is minimal and where

the poorest geologic conditions usually exist. Surface drainage must be collected at

locations behind the portals which will positively prevent drainage from entering

the portal area or side cuts near the portal. Often a furrowed trench is sufficient

to achieve this purpose but a paved perimeter ditch may be required. Proper selec-

tion of vegetation can help in controlling this problem.

Approach ditches, pipes and inlets must be kept clear of debris and free-

flowing. The implications of backed up drainage in the tunnel where die water can
collect around footings and roadbeds are obvious.

3.9.3.3 Structural

A preventive maintenance program of structural members must be formulated

from the foregoing inspection program and the treatments will be indicated in a

review of the inspection reports.
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Generally speaking, however, certain basic treatments can be categorized.

Treatment of superficial defects, of a cosmetic nature should be organized on a low

priority level. Minor patching, masonry painting, painting of steel members for

cosmetic effect only, and such treatments are secondary to a treatment of more
serious problems.

Indications of a more serious nature but not necessarily thought to be of such

ominous proportion as an imminent collapse, should be the subject of a well-

organized continuing effort. The treatments employed in this program could very

well be the same treatments to be discussed in the corrective measures discussion

to follow but would be on a smaller scale and the time of application could be

programmed in advance.

Linings and footings are the most obvious areas for concern in a Structural

Evaluation and Preventive Maintenance program. Cracking, bulging, inward move-
ments of walls or footings, heaving of the invert are symptoms worthy of note.

Minor repairs of masonry and spailed concrete may be sufficient remedy to prevent

further deterioration. Inspections made subseequent to minor repairs will show if

the defect has been satisfactorily corrected.

Roadbed maintenance can be a significant factor in reducing associated prob-

lems in a tunnel. Drainage problems may develop because of the inability of con-

taminated ballast to drain itself. Track alinement and clean, well founded ballast

will prevent these problems, as well as derailments which have a higher loss and

damage factor in a tunnel than out in the open.

3.9.3.4 Corrective Measures

Leak and drainage corrective procedures involve the basic step of collecting

leaks at the minimum number of locations and controlling the passage from that

point of collection to the point of discharge outside of the tunnel.

One of the most positive means for minimizing the number of locations for

collection is by forcing the leaks to a single convenient location. An effective pro-

cedure is a program of systematic grouting, from within the tunnel or from die

surface. Surface grouting must be restricted to portal areas or possibly some other

areas where ground cover is not too deep to preclude economical drilling. Cement
and chemical grouts have been successfully used in these applications. A program

which proceeds from one direction longitudinally to the other is usually more effec-

tive in sealing leaks and displacing water which has collected in voids behind the

lining. Extreme care should be used in any grouting program to avoid the introduc-

tion of excessive hydraulic loads on the lining, by unevenly loading opposite sides

of the tunnel or by injecting grout at high pressure. Monitoring of adjacent struc-

tures and streams will give warning of impending damage or excessive waste.

Whatever leaks remain should be collected in a system of panning or chasing

and conducted to the longitudinal drainage system. A covering application of shot-

crete will provide a seal and insulation to this system.

Outside drainage control is by means of ditches, pipes, inlets and vegetation

control.

Structural corrective procedures for linings involve die selection of many treat-

ments. Entire new linings may be required which could be constructed of cast-in-

place or precast concrete, steel liner plate, shotcrete, brick or masonry. Repairs to

existing linings can be made widi rockbolts, grouting, shotcrete (with or without

wire mesh) timber or liner plate sections.
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Daylighting to the surface may be considered if impact on adjacent property,

train traffic delays and interference and cost comparisons indicate this as an

acceptable alternative.

Footings can become a problem, even assuming a proper original installation.

Improper drainage, lowering of the invert grade to increase vertical clearance and

natural erosion can expose the bottoms of footings and remove the original internal

lateral restraint and can cause a settlement of the entire lining. Bolting and under-

pinning are remedial measures for these cases.

Portal structures which have cracked or spalled concrete must be bolted, steel

strapped, or buttressed, or combinations of these.

Approach cuts and fills must be properly benched and drained if problems occur.

3.9.3.5 Tunnel Ventilation

In the design of new tunnels consideration should be given to air requirements

for diesel engine combustion and cooling, temperature control and human comfort,

as these factors can become critical in long tunnels. In order to satisfy these require-

ments it may be necessary to add supply and/or exhaust air fans. It may also be

necessary to consider enlarging the tunnel in order to adjust the air blockage ratio

(train to tunnel cross-section) for the purpose of controlling air movement caused

by "piston" action of trains moving through the tunnel.

When installing supply and/or exhaust air fans consideration should be given

to smoke control in case of fire.

3.10 HANDLING OF TRAFFIC

Success in carrying out the construction and maintenance operations described

in this section is dependent on a pre-arranged plan for handling traffic. Railroad

revenues are dependent on efficient train operations with minimum delays, there-

fore, construction and maintenance operations must be carefully planned in coop-

eration with operating personnel. Maintenance personnel should become familiar

with train schedules and operating rules with respect to the territory to which they

are assigned.

Critical path scheduling techniques can be useful in developing overall planning

with respect to seasonal traffic and peak densities. Other factors to be considered

are alternate routes, gradient, multiple shift weekend or other overtime work.

Coordination of construction and maintenance activities with train movements

to produce optimum on track time with minimum train delays should be a prime

consideration of railroad management.

Radio transceivers operating from mobile and/or base stations can be used to

provide communications between equipment operators, train crews or train con-

trollers which will reduce delays to construction and maintenance equipment as well

as train operations. Two way radio equipment and other communications equipment

are necessary to coordinate these activities.
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Committee 1—Roadway and Ballast

Report on Assignment 4

Culverts and Drainage Pipe

\Y. M. Dowdy (chairman, subcommittee), C. W. Bean, R. M. Clementson, G. C.

Fen-ton, J. S. Fluke, G. Jess, B. C. Mohl, R. V. Perrone, E. L. Robinson,

W. J. Sponseller, A. J. Wegmann, N. E. Whitney, Jr.

Your committee submits for adoption and publication in Chapter 1 of the AREA
Manual for Railway Engineering the following Specification for Steel Tunnel Liner

Plates.

4.12 SPECIFICATION FOR STEEL TUNNEL LINER PLATES

4.12.1 GENERAL

4.12.1.1 Scope

These specifications cover cold-formed steel tunnel liner plates, fabricated to

permit in-place assembly of a continuous steel support system as excavation of the

tunnel progresses.

4.12.2 MATERIAL

4.12.2.1 Plates

The tunnel linear plates shall be fabricated from structural quality, hot-rolled,

carbon-steel sheets or plates conforming to ASTM Specification A 570, Grade B, for

sheets or ASTM Specification A 283, Grade B, for plates.

The mechanical properties of the flat plate before cold forming shall be:

Tensile strength, psi 42,000 min

Yield strength, psi 28,000 min

Elongation in 2 inches, percent 30 min

4.12.2.2 Bolts

Bolts and nuts used with lapped seams shall be not less than % inch in diameter.

The bolts shall conform to ASTM Specification A 449 for plate thicknesses equal to

or greater than 0.209 inches and A 307 for plate thicknesses less than 0.209 inches.

The nut shall conform to ASTM Specification A 563, Grade C.

Bolts and nuts used with four flanged plates shall be not less than & inch in

diameter for plate thicknesses to and including 0.179 inches and not less than % inch

in diameter for plates of greater thickness. The bolts and nuts shall be quick-acting

coarse thread and shall conform to ASTM Specification A 307, Grade A.

201
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4.12.3 FABRICATION

4.12.3.1 Plate Size and Weight

The plate length shall be 16 or 18 inches. The plate widths shall provide

circumferential wall coverage in two or more multiples equivalent to 6, 12, 14 or

16 inches of diameter. The maximum weight of a single plate without bolts shall

be 90 lb.

4.12.3.2 Plate Joints

All plates shall be punched for bolting on both longitudinal and circumferential

seams or joints and shall be so fabricated as to permit complete erection from the

inside.

(a) Circumferential

Bolt spacing in circumferential flanges shall be not more than 9/2 inches center

to center and shall be a multiple of the plate length so that plates having the same

curvature are interchangeable and will permit staggering of the longitudinal seams.

(b) Longitudinal

1. Four-Flanged Plates

The longitudinal flanges shall be punched to accommodate 3 bolts in a

16-inch plate width.

2. Two-Flanged Plates

The longitudinal lapped seams shall be punched to accommodate 4 bolts

per foot.

4.12.3.3 Plate Configuration

All plates shall be cold formed to provide a pattern of corrugations or panels

in the skin section, which, along with the circumferential flanges, will develop the

sectional properties shown in Table 1.

4.12.4 COATINGS
Steel liner plates are often used only to maintain the tunnelled opening until a

carrier pipe is installed and backpacked. In such use the liner is expendable and no

purpose is served by extending its life. If the steel liner plates compose the finished

structure, then the expense of corrosion-resistant coatings is justified.

4.12.4.1 Zinc Coating

When required, and so specified, the liner plates shall be galvanized to meet

the requirements of AREA Specification for Corrugated Structural Plate Pipe, Pipe

Arches and Arches. Bolts and Nuts shall be galavanized to meet the requirements of

ASTM Specification A 153.

4.12.4.2 Bituminous Coating

In addition, when so specified, the liner plates shall be bituminous-coated to

meet the requirements of AREA Specification for Bituminous Coated Corrugated

Metal Pipe and Arches.

4.12.5 DESIGN

4.12.5.1 Foreword

These criteria cover the design of cold-formed panel steel tunnel liner plates.

The minimum thickness shall be as determined by design in accordance with Arts.
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may be predicted by various methods. In cases where more precise methods of

analysis are not employed, the external load P can be predicted by the following:

(a) If the grouting pressure is greater than the computed external load, the

external load P on the tunnel liner shall be the grouting pressure.

(b) In general the external load can be computed by the formula

P= Pi + Pd

Where: P=the external load on the tunnel liner.

Pi = the vertical load at the level of the top of the tunnel liner

due to live loads.

Pd = the vertical load at the level of the top of the tunnel liner

due to dead load.

Values of Pi for Cooper E 80 live load, including an allowance of 50 percent

for impact, are approximately as shown in Table 2.

Table 2

—

Live Loads, Including Impact, for Various Heights
of Cover for Cooper E 80*

Height of Cover (Ft)
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Values of coefficient C^

Fig. 1—Diagram for coefficient Cd for tunnels in soil

(
<p = soil friction angle )

.

oped from the total load supported by the liner plate. This thrust, T, in pounds per

lineal foot is

2

where P=:load as defined in Art. 4.12.5.2.

D = diameter or span in feet.

Ultimate design longitudinal seam strengths are:

Plate

Thickness,
Inches

0.075

0.105

0.135

0.164 55.0

0.179

0.209

0.239

0.250

0.313

0.375

Ultimate Strength,

Kips/Ft
2 flange 4 flange
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Thrust, T, multiplied by the safety factor, should not exceed the ultimate seam

strength.

4.12.5.5 Handling and Installation Strength

The linear plate ring shall have enough rigidity to resist the unbalanced load-

ings of normal construction: grouting pressures, local slough-ins and miscellaneous

concentrated loads. This rigidity is measured by a flexibility factor determined by

the formula:

D3

FF= —
El

where FF = flexibility factor

D = diameter, inches

E e= modulus of elasticity, psi

I= moment of inertia, inches4 per inch

For ordinary installations:

FF = 2.0 x 10~2 2-flange plates

= 0.9 x 10"2 4-flange plates

4.12.5.6 Critical Buckling of Liner Plate Wall

Wall buckling stresses are determined from the following formulas:

"24Ef / 24f
For diameters less than ~rry ~~r~

fu
2 / KD Y .

f.= f.- -48e(—J
mpsi -

t / 24E
For diameters greater than ~^jrA/ —?— :

I op

^Troy inpsi

where fu= minimum specified tensile strength, psi

ft
= buckling stress, psi, not to exceed specified yield strengtii

k= soil stiffness factor, 0.22

D = pipe diameter, inches

r= radius of gyration of section

E = modulus of elasticity, psi

Design for buckling is accomplished by limiting the ring compression thrust T to

the buckling stress multiplied by the cross section area of the liner plate divided

by the factor of safety:

1 — FS

where T = thrust per lineal foot from Art. 4.12.5.4.

A = cross section area of liner plate, square inches per foot.

FS = factor of safety for buckling.

4.12.5.7 Deflection or Flattening

Deflection of a tunnel depends significantly on the amount of over excavation

of the bore and is affected by delay in backpacking or inadequate backpacking.
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The magnitude of deflection is not primarily a function of soil modulus or the liner

plate properties, so it cannot be computed with usual deflection formulas.

Where the tunnel clearances are important, the designer should oversize the

structure to provide for a normal deflection. Good construction methods should
result in deflections of not more than 3% of the normal diameter.

4.12.5.8 Safety Factors

Longitudinal seam strength 3

Pipe wall buckling 2

4.12.6 CONSTRUCTION OF TUNNEL USING STEEL TUNNEL LINER PLATES

4.12.6.1 Scope

These specifications are intended to cover the installation of tunnel liner plates

in tunnels constructed by conventional tunnel methods. For the purposes of these

specifications, tunnels excavated by full face, heading and bench, or multiple drift

procedures are considered conventional methods. Liner plates used with any con-

struction procedure utilizing a full or partial shield, a tunneling machine or other

piece of equipment which will exert a force upon the liner plates for the purpose

of propelling, steering or stabilizing the equipment are considered special cases and

are not covered by these specifications.

4.12.6.2 Description

This item shall consist of furnishing cold formed steel tunnel liner plates con-

forming to these specifications and of the sizes and dimensions required on the plans,

and installing such plates at the locations designated on the plans or by the engineer,

and in conformity with the lines and grades established by tire engineer. The com-

pleted liner shall consist of a series of steel liner plates assembled with staggered

longitudinal joints. Liner plates shall be fabricated to fit the cross section of the

tunnel. Liner plates herein described must meet the section properties—thickness,

area, and moment of inertia—as listed in Table 1.

All plates shall be connected by bolts on both longitudinal and circumferential

seams or joints and shall be so fabricated as to permit complete erection from the

inside.

Grout holes 2 inches or larger in diameter shall be provided as shown on the

plans to permit grouting as the erection of tunnel liner plates progresses.

4.12.6.3 Installation

All liner plates for the full length of a specified tunnel shall be of one type

only, either the flanged or the lapped seam type of construction.

Liner plates shall be assembled in accordance with the manufacturer's instruc-

tions.

Coated plates shall be handled in such a manner as to prevent bruising, scaling,

or breaking of the coating. Any plates that are damaged during handling or placing

shall be replaced by the contractor at his expense, except that small areas with minor

damage may be repaired by die contractor as directed by the engineer.

Voids occurring between the liner plate and the tunnel wall shall be force-

grouted. The grout shall be forced through the grouting holes in the plates with

such pressure that all voids will be completely filled. The frequency of grouting

shall be as directed by the engineer.
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Full compensation for backpacking or grouting shall be considered as included

in the contract price paid for tunnel and no separate payment will be made therefor.

4.12.6.4 Measurement

The length of tunnel to be paid for will be the length measured on the tunnel

liner plate invert.

4.12.6.5 Payment

Payment for the footage of each size of tunnel as determined under measurement

shall be paid for at the contract unit prices per lineal foot bid for the various sizes,

which payment shall include full compensation for furnishing all labor, materials,

tools, equipment and incidentals to complete this item, including removal and dis-

posal of material resulting from the excavation of the bore and force-grouting voids.
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Committee 6—Buildings

Report on Assignment 3

Design Criteria for Diesel Service and Repair Shops

A. R. Gualtieri (chairman, subcommittee), W. F. Armstrong, F. R. Bartlett,
S. B. Holt, K. E. Hornung, J. R. Hursh, R. D. Powrie, S. G. Urban.

Your committee submits for adoption the following recommendations with

respect to Chapter 6 of the Manual:

Pages 6-25-6 to 6-25-19, inch

SHOP FACILITIES FOR DIESEL LOCOMOTIVES
Delete, substituting therefor the following "Design Criteria for Diesel Shops,"

to be inserted in Chapter 6 as new Part 4.

Part 4

Design Criteria for Diesel Shops

4.1 FORWARD

4.1.1.

The material presented herein is intended to familiarize the engineer and de-

signer with the problems they will encounter and should consider in the design of

a diesel shop.

(a) It is not intended to imply that other practices may not be equally

acceptable.

(b) Definition of Light, Medium and Heavy Repair may vary among rail-

roads but should not affect the concepts being presented.

4.1.2

A diesel repair shop constitutes a structure designed to arrange an orderly

progression of diesel locomotives for repairs, maintenance, servicing, and cleaning,

as required, and to meet inspection requirements of the manufacturer and govern-

mental authorities.

4.1.3

Diesel repair shops are generally classified as "Heavy Repair," "Medium Running
Repair" and "Light Running Repair and Servicing."

209
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(a) Heavy Repair—Consists of any work involving an expenditure of time

of more than 24 hours to complete the repair, e.g., truck repair and

maintenance, traction motor assembly, dynamic brake grids, etc.

(b) Medium Running Repair—Consists of any work involving an expendi-

ture of time of more than 8 hours to complete the repair, e.g., air reser-

voir test, brake change outs, repairs to injector, governors, turbos, etc

(c) Light Running Repair and Service—Consists of any work involving

an expenditure of under 8 hours to complete the work, e.g., oiling,

lubricating, testing, minor adjustments and repairs, etc.

4.1.4

A check list of the facilities and processes necessary for the efficient operation

of the diesel repair shop is presented at the end of this part as a design guide.

4.2 SITE CONSIDERATION

4.2.1

Traffic flow, proximity to supporting functions and material access to the facility

are basic considerations to its most desirable location. Consultations with the oper-

ating departments should be progressed before finalizing the site location. Con-

sideration should be given to the relationship of the ready tracks, the fueling and

servicing facilities and the location of the crew quarters.

4.3 BUILDING ARRANGEMENT
4.3.1

The primary consideration in diesel shop planning is that tracks be parallel

and be serviced with tiirough tracks where possible. In high-capacity facilities where

space is at a premium and through tracks are not feasible, consideration should be

given to the use of a transfer table to keep the progression line concept.

4.3.2

For greater efficiency of operation, the diesel shop is best serviced on a produc-

tion line concept with sanding and fueling accomplished on line.

4.3.3

The size and arrangement of a diesel shop, the number of tracks and the type

of equipment installed is dependent solely upon the type of servicing to be performed
and the number of units to be serviced over a definite period of time.

4.3.4

The diesel shop design and layout should incorporate all functions required to

perform major repairs, annual, semi-annual, and monthly inspections, minor repairs,

routine servicing and maintenance as required.

4.3.5

The heavy repair track should be equipped with a drop pit for the removal
and replacement of entire truck units, including an auxiliary table for the removal
and replacement of a single pair of wheels with axle and traction motors when it

is not necessary to remove the entire truck. It is recommended this area of the shop

be furnished with a 30-ton overhead traveling crane with a 5-ton auxiliary unit.
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4.3.6

The light and medium repair sections should be provided with pits, depressed

floors, elevated platforms and light capacity cranes.

4.3.7

The shop should contain rooms or areas for related repairs, e.g., machine shop,

electrical shop, metal shop, air brake, truck repair area, battery shop, tool room, etc.

4.4 EQUIPMENT AND RELATED FACILITIES

4.4.1 Pits

(a) Inspection pits should have a minimum depth of 4 ft below the top of

rail. The pit length should be a minimum of 10 ft greater than the overall length

of locomotives to be serviced. Where body jacking is performed, jacking blocks

or pads should be provided to a point 7 ft 6 in from the center line of track. Where
journal boxes or trucks are to be jacked, the pads may be narrower than the 15 ft

width indicated.

(b) Pit drainage should be provided preferably by floor drains located at proper

intervals along the length of the pit. The pit walls of reinforced concrete should

be either carried to the height of the base of rail or to level of the depressed floor

area, with columns extended to the height of base of rail for track support. The
latter detail is preferred since it affords a positive method of draining the adjacent

depressed floor, aids in pit lighting, and provides access into the pit along its entire

length. The distance between centers of parallel pits varies from 18 to 26 ft. This

distance is established by the desired width of the elevated platforms, except that

when a truck release track is introduced between pits, a minimum of approximately

23-ft track centers is required. The rail on inspection pits should be of a heavy

section.

4.4.2 Depressed Floors

(a) The depressed floor along the inspection pits places the mechanic at proper

height with respect to the locomotive for inspection and making repairs to trucks,

braking systems and other under-body equipment. The elevation of this depressed

floor area varies from 2 ft 6 in to 3 ft below the top of rail on the inspection pits.

The floor should be well drained and constructed with a surface that is easily

cleaned. The recommended slope is Y» inch per ft

4.4.3 Elevated Platforms

(a) Provide elevated platforms in the areas between adjacent maintenance
tracks, as well as along the outer sides of these tracks. The height of the platforms

with respect to the top of rail is 4 ft 8 in to 4 ft 11 in, with some constructed at

5 ft 6 in. The distance from edge of platform to center line of track must be held

to the minimum of 5 ft 6 in, or for the proper clearance of the equipment. Platforms

should be constructed of non-combustible material usually consisting of steel columns

and beams, or of reinforced concrete. Design loads of 250 psf are to be used for fork

lift operation and 100 psf for all other platforms.

(b) Platforms should be designed to permit two material-handling trucks or

transporters to pass, and to allow for storage of material if desired. Where repair

areas are not located on or under platforms, the track spacing may be reduced to

18 ft.



212 Bulletin 645—American Railway Engineering Association

(c) Platforms, where deemed necessary, should be provided wih removable

handrails along all edges, consisting of either pipe or a combination of pipe supports

with chains between them. Access to the platforms from the normal top-of-rail level

and depressed level floors should be provided by means of stairs at the ends and at

intermediate points, where required.

(d) Ramps for equipment access to platforms may be used where adequate

space is available. Ramps should have the same design loading as platforms.

(e) Where space is at a premium, hydraulic lifts may be used at platforms

enabling roll-on load application at the three levels of shop levels.

(f) High-level platforms, approximately 15 ft above the top of rail, are some-

times used. This platform is particularly desirable if locomotives require removal of

power assemblies, etc., through the roof hatch. The high-level platform is usually

the same width as the lower level platform, with stairs located at convenient points

between the levels.

(g) Portable platforms are used in some instances where fixed elevated plat-

forms and depressed floors are not desired.

4.4.4 Portable Jacks

Where truck changes are infrequent, portable electric or air jacks are used.

4.4.5 Drop Tables

Drop tables are used for changing single wheelsets or complete trucks. The

various types of drop table equipment available are:

( 1 ) For dropping single wheelsets with traction motors, a table of 50-ton

capacity should be used with a top 6 ft 6 in long measured parallel to

the running rails. Flooring between the rails on the drop table top should

be depressed below the top of the rail at least 2 ft 6 in or to conform to

types of locomotives being serviced. This provides room for working on

motor leads and will accommodate the traction motor dolly.

Equipment for servicing complete trucks should be of the long top type.

(2) If only two-axle trucks are to be handled, provide a drop table of 100-

ton capacity with a top 18 ft long.

(3) For three-axle trucks, the drop table should be 125-ton capacity with a

top not less than 26 ft long.

(4) When both single wheelsets with traction motors and complete trucks

are to be dropped, a drop table with a sectional top should be used. The

drop table should be 125-ton capacity and the top not less than 26 ft

long. In one end of the main top an auxiliary top is provided that is 6 ft

6 in long. Tops of this type normally have inspection pits between the

rails.

(5) Drop tables described in items (2), (3) and (4) above must be

equipped with locomotive body supports. These must be of the type that

permits the support bar to be moved parallel to the running rail the

full length of the drop table top.

(6) Drop table pits may be open, or closed with an elevating cover at the

release track. If there are two active tracks, the release track should be

between them. If there are more than two active tracks, there is no

advantageous position for the release track. There is also no saving in pit

depth by having an open pit.
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(7) A consolidated drop table combines the drop table top and the hoisting

mechanism, resulting in a considerable saving in pit depth. Available

only in the long top type for dropping complete trucks, they do not lend

themselves well to either multiple track operations or closed pit installa-

tions. Capacities are available from 50 to 150 tons, and top lengths can

be from 15 ft to 26 ft.

4.4.6 Transfer Tables

(a) Transfer tables are used extensively in reverse flow shops and also foi

classification within a shop or between adjacent shops.

(b) There is no limit to the length of table that can be built, but units of 100

ft to 125 ft are common. Capacities to 300 tons are available but can be made larger

if necessary.

(c) Various types of control are available, ranging from the three-speed mag-

netic with manual spotting to the elevator type. The semi-automatic with the self-

track alinement feature is often used.

4.4.7 Locomotive Progression Systems

(a) Where a large number of units must be progressed daily through the

shop, a number of mechanical pulling devices and equipment are available capable

of moving diesel locomotives from the inbound position through the servicing posi-

tions in the shop and on to the outbound position. The following advantages are

inherent in the system:

( 1 ) Eliminates need to idle locomotive for progression.

(2) Eliminates need for hostler engine.

(3) Units can be progressed in the uncoupled position.

(4) Reduced noise pollution.

(5) Reduced heating and ventilating costs.

4.4.8 Truck Repairs and Overhaul

Repairs and overhaul to trucks are made in an area somewhat removed from

the area where work is done on the locomotive. This area should be provided with

a truck washing platform for cleaning prior to the overhaul. Facilities for steam

cleaning and the use of detergents should be provided. Wheel-truing machines or

lathe units for turning down locomotive wheels without their removal from loco-

motives are being used in many shops. A means of chip removal and handling

should be an essential part of the installation.

4.4.9 Material Handling Platform

A material handling platform capable of being served by rail and by truck

should be provided adjacent to the shop to facilitate distribution of material.

4.4.10 Store Room

Repair parts must be readily available. A store room for diesel parts should be

established as an integral part of the diesel shop. As stock includes finelv machined
and finished parts, the room should be dry and dust-free. The purchasing and stores

department should be consulted as to direct area requirements.

4.4.11 Office

An office area for the diesel shop supervisor and clerical staff should be located

adjacent to the main shop area for proper supervision and the maintaining of servic-

ing records, preferably at an elevated level to oversee the shop operation.
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4.4.12 Locker and Toilet Facilities

Suitable locker, lunch, toilet and washing facilities should be provided and be

so located as to be as accessible as possible. Individual state and local codes covering

sanitary facilities should govern. Drinking fountains, wash basins and urinals should

be installed at convenient locations in the shop and repair areas.

4.5 SERVICE FACILITIES

4.5.1 Lubricating Oil Supply

( a ) Proper lubricating oil facilities are important at a diesel shop, as they make

possible rapid oil changing and normal servicing with minimum of expense in the

handling of oil. Modern oil handling equipment contributes to keeping the premises

clean and minimizes fire hazards.

(b) Separate storage and dispensing facilities are required for as many different

kinds of oil as are to be used. Storage tanks of such capacity as to permit purchases

in tank-car or tank-truck lots are recommended where consumption dictates. Pumps

should be of suitable capacity and should be valved and piped to permit their use

for unloading tank cars and for distribution from the storage tank to the dispensing

stations.

(c) Oil dispensing stations located on the elevated platforms consist of separate

hose reels for each kind of lubricating oil, with 50 ft of hose. Dispensing stations

should be located on approximately 60-ft centers and hoses provided with spring-

loaded nozzles for quick-action control of oil flow. Meters may be provided to

measure the quantity of oil used in servicing locomotives. Such a dispensing system

is of value in adding small quantities of oil or in making complete oil changes. In

some instances lubricating lines require heating, and pumps should be controlled

from pressure tanks in lieu of dispensing stations to eliminate short cycling of the

supply pump. Heating of lines and tanks must be provided for highly viscous oils.

4.5.2 Lubricating Oil Drainage

(a) Oil drainage systems usually consist of a tank placed at a level lower than the

inspection pits, with connecting piping from the pits for gravity flow into the tank.

Connections should be provided at intervals throughout the length of the pit for

making hose connections with the engine drains. The dirty oil is pumped from the

gravity storage tank into tank cars and returned to the reclamation plant, or removed

directly by a scavenger.

(b) Forced oil drainage systems are preferable and are installed with pumps
of suitable capacity, with storage tanks kept above floor level.

(c) Portable tanks should be provided for servicing locomotives in the repair

areas not provided with the drain oil systems.

4.5.3 Used Oil Filters

(a) A means of disposing of used oil filters requiring a minimum of handling

should be provided.

(b) A means of accomplishing this might incorporate a chute at each filter

station leading to an underground drag chain conveyor to an elevation that will

convey filters outdoors and into a container at track level. Once the filter is dumped
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who re-into the chute the only further handling required would be the scavenger

moves the used lubricating oil container from the property.

4.5.4 Water Supply Systems (Raw and Treated)

(a) Treated radiator water and raw water outlets should be provided at con-

venient intervals along the maintenance tracks. These outlets are placed on the

underside and above the elevated platform, as required.

(b) Treated water for diesel engine radiators may be heated and pumped

through a closed system to the outlets.

(c) The recommendations of the Committee on Environmental Engineering,

as presented in Chapter 13, should be used as reference in this connection.

(d) Treated water which may be toxic in nature or detrimental to streams

or municipal sewage plants should be provided with a separate drainage system

similar to Art. 4.5.2, above, or provided with a means for retrieval and recycling

same back into the engine radiator.

4.5.5 Compressed Air

Compressed air outlets should be provided at convenient intervals above and

below platforms for the operation of tools, equipment and testing.

4.5.6 Locomotive Washing System

( a ) It is recommended the locomotive washer be totally enclosed for year-round

operation, where climatic conditions dictate.

(b) The washer system can be automatic, semi-automatic and/or manual,

dependent on time required for this function. The system should provide for the

cleaning of the engine room and engine, wheel trucks, pilots and step wells, car

body, front and rear hood ends, and cab interior.

(c) The system should include the pumping, storage, and supply of water,

acid solution, light and heavy alkali solutions, including brushing action for scrub-

bing all unobstructed available exterior surfaces, including walkways.

(d) Drainage system should be provided with adequate treatment facilities

to allow for discharge to nearby streams or municipal sewer.

4.5.7 General Washing System

Approved cleaners for floor washing and small parts cleaning should include

the pumping, storage and supply of detergents, as required through hose reels at

strategic locations throughout the shop.

4.5.8 Electrical Cleaning Solvent

Normally, this is a very highly combustible product diat should be stored in

an enclosed and well ventilated room with explosion-proof dispensing pump motor

and electrical equipment and controls. Solvent may be dispensed from hose reels.

4.5.9 Oxygen-Acetylene System

(a) The oxygen-acetylene system can be a central system or consist of portable

units.

(1)) A central system consists of oxygen and acetylene cylinders, manifolded

and piped to the work areas. The control system should be considered when a shop

has a large number of station outlets in widely scattered areas.

(c) Portable units should be considered for small installations.
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(d) In the storage and handling of cylinders, care must be taken to avoid

abusing cylinders.

(e) Inside buildings, cylinders of oxygen should not be stored in the same

compartment with cylinders of acetylene or other fuel gas unless they are separated

by a fire-resistant partition.

4.5.10 Locomotive Toilet Servicing

Provision should be made with the shop at a designated area for servicing of

locomotive toilet facilities. This can be accomplished by flushing toilet directly to a

sanitary sewer line or by means of a portable scavenging unit where sanitary connec-

tion is not readily available.

4.5.11 Locomotive Icing

In extremely cold environments where icing is encountered on the units, provi-

sion should be made for thawing out the equipment by use of steam hose or by use

of fixed or portable infra-red units.

4.6 ARCHITECTURAL AND STRUCTURAL DETAILS

4.6.1 Floors

Concrete floors throughout the shop are recommended. Anti-slip treatment is

recommended on inclines and steps. Sealers and/or hardeners should be applied

to all concrete floors and platforms in the shop area. Special precautions should be

taken in connection with the preparation of concrete floors in battery shops or other

acidic areas, and fueling and oiling areas, to prevent deterioration of these floors.

4.6.2 Wall Construction

Exterior walls should be non-combustible construction classification, and can

be constructed of brick, reinforced concrete, cement asbestos wall panels, prefinished

or coated metal wall panels, aluminum wall panels or concrete block. Adequate
fireproof insulation should be provided to prevent excessive heat loss through the

exterior walls, either as an integral part of the wall material, as in the case of

concrete and masonry, or as supplemental material such as insulation batts and
blankets or spray-on insulation which can be applied to the various types of metal
wall panels.

It is highly desirable to construct all walls to a height of 8 ft in all interior shop

work areas of a material which has a hard surface and which is not subject to

damage from abuse.

Interior walls and partitions may be constructed from any of the materials

commonly used for this purpose. Here again the material should be non-combustible,

economical and not readily subject to damage. Concrete block meets most of the

design criteria requirements for interior walls, provided that the height limitations

are not exceeded.

4.6.3 Roof Construction

The roof deck and roof structural framing system should be non-combustible.
The decking material can be poured concrete, precast concrete, metal decking, or

other composite non-combustible material.

Due to fire hazard caused by oil residue from incomplete combustion of diesel

fuel oil which will accumulate on the roof assembly, it is desirable to paint the
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structural framing system with one of the various fire-resistant paints available. The

installation of a metal or other non-combustible ceiling material located at the bottom

of the lowest roof structural framing member should also be considered as an effec-

tive fire protection barrier. The oil residue will collect on the flat ceiling material

instead of the deck and structural framing. The ceiling can then be periodically

steam-cleaned, reducing the danger of fire and protecting the deck and structural

framing system. To reduce heat loss through the roof construction, fire-proof insula-

tion should be included as a part of the assembly

4.6.4 Doors

Diesel locomotive entrance doors should be a minimum of 14 ft wide and 17

ft high, or as required by state clearance regulations. Generally, they are motor-

operated, steel rolling doors. Doors should be electro-galvanized steel and should be

furnished with an adequately painted finish to keep them protected from the

elements.

Provisions for hand operation should be made in case of power failure or break-

down.

Exit doors should be strategically located throughout the shop for personnel

ingress and egress, and they must be installed to conform with local building and

State labor code exit requirements.

4.6.5 Fire Doors

Fire doors should be installed in all openings in fire walls, which are required

by code, or installed for protection to provide the same fire-rated protection as that

of the wall construction itself.

4.6.6 Windows

The installation of window sash in diesel shops should be kept to a minimum,

as they are generally not required for light. When required for ventilation, however,

in small work shops, storerooms, etc., they should be standard grade steel, or alumi-

num, with sash operators. When glass blocks are installed in exterior walls for light,

they should either be of the light-directional or light-diffusing type. Consideration

should be given to the installation of plastic panels in the shop roof or high on the

side walls of the shop building for general lighting. These plastic panels should be

of the same configuration as the roof deck or the side wall panels.

4.6.7 Painting

The diesel locomotive shop permits use of an entirely different color scheme

for interior painting than would be considered practical in roundhouses and shops

for steam power. For the greatest amount of light reflection, the painting may be of

pastel shades consistent with the theory of color dynamics. Handrails, stairs, crane

hooks and obstructions should be painted bright colors which will be "eye arresting."

Piping should be painted distinct, identifying colors to aid in preventing errors in

locomotive or building maintenance operations.

4.7 HEATING AND VENTILATING

4.7.1

The problems involved in heating and ventilating diesel shops are those of

removing the exhaust gases from locomotives on test and tune-up, replacing com-
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bastion air consumed by the engines with tempered fresh air, and the replacement

of heat loss through the building.

4.7.2

At outlying terminals, where one particular type of diesel locomotive may be

housed and maintained, a simple type of telescopic stack fitted with a rain hood or

syphon ventilator may be provided for each exhaust port of the locomotive. When
engines are to be run while in the house, the stacks are lowered over the exhaust

ports, the exhaust having sufficient velocity to expel itself. Unit heaters, generally

used for heating such buildings, can be provided with a duct having an outside

air intake and adjustable damper for either introducing 100 percent fresh air or 100

percent recirculated air.

4.7.3

The problem becomes a challenge in terminal shops where the locomotives

to be maintained and repaired are of many types and different manufacture. The

individual exhaust stack is no longer practical, and a ventilating system must be

provided.

4.7.4

If an overhead crane does not operate in the maintenance area in which engine

testing is done, it is possible to provide hoods on the center line of each track and,

by means of power exhaust units, collect the gases close to the source and expel

diem from the building. In some instances, continuous exhaust ducts are fitted over

each maintenance service track, running die full length of the pits, with motor-

operated exhaust fans installed at 30- to 40-ft centers exhausting through the roof

deck. These fans may be automatically controlled by tiiermostats located in the ducts

which cut in and out at predetermined temperature settings. A manual-start, one-

minute arrangement may also be incorporated. Hoods are generally constructed

of asbestos-cement board or sheet metal on a steel frame.

4.7.5

Another method of providing ventilation in maintenance areas, as well as in

high crane bay areas, is to install power exhaust units at proper locations through-

out the roof area. Roof areas should be divided into cells by facing one side of roof

trusses with asbestos-cement board or sheet metal, the cells confining the gas to

an area served by individual exhaust units, permitting operation of individual venti-

lators as required.

4.7.6

In either of the above-mentioned methods enough cubic feet per minute must be
exhausted to remove the exhaust gases before they cool and settle of their own
weight.

4.7.7

The following formula may be used to determine the exhaust requirements for
diluting the oxide of nitrogen to 25 parts per million:

(a) Ventilating Air

Engine horsepower X pounds of fuel consumed per horsepower-hour X
ratio of idling speed over full speed X cubic feet of exhaust gas per



Manual Recommendations 219

pound of fuel consumed divided by 60 minutes per hour = Cubic feet

per minute of exhaust.

(b) Combustion Air

Engine horsepower X intake cubic feet per minute per horsepower X
ratio of idling speed over full speed = Cubic feet per minute combustion

air.

4.7.8

The following is a typical calculation to determine the building exhaust require-

ments, similar calculations to be carried out for the maximum number of locomotives

which will run in the shop at one time. In idling one 3-unit, 6000-hp diesel, the

total engine exhaust gases would be:

6000 hp X 0.375 lb/hp-hour — 0.344 ratio of idling X 434.4 cu ft/lb = 5604 cfm.

60

6000 hp X 4.27 cfm per hp X 0.344 for 275 rpm idling over 800 rpm full speed =
8813 cfm.

4.7.9

To ventilate a shop where a 3-unit 6000-hp diesel has all of its engines idling,

considering a maximum acceptable concentration for oxides of nitrogen at 25 parts

per million parts of air, it would require 5.8 times the volume of a mixture of fresh

air and exhaust gas to bring a concentration of 145 parts per million down to 25.

Therefore, the dilution volume to be supplied will be: 5.8 X 5604, or about 34,500

cfm.

The air for combustion would remain: 4.27 X 0.344 X 6000 = 8813 cfm.

4.7.10

The combustion air plus the ventilating air will combine to equal 43,300 cfm

to be furnished by the fans. Where it is desired to reduce the gas concentration

still further, additional air can be supplied

4.7.11

The fresh-air intake units should be as widely separate from the exhaust units

as possible to avoid "short circuiting" of fresh air to exhaust units. The heated

fresh-air supply should be introduced by large units specifically designed for this

purpose, and air should be introduced at the lowest point practicable or, if ele-

vated, the intake air should be deflected by fins downward to aid in the movement

of air upward and outward through the roof ventilators. The air supply should be

widely distributed at the lowest possible velocity to avoid discomfort to mechanics

working on die lower floor and platform levels. Inspection pit heating for employee

comfort and for defrosting the undersides of the locomotives is an important

consideration.

4.7.12

The heating and ventilating problem in a locomotive shop is actually twofold

and emanates not only from due high rate of ventilation required but also from the

large door openings with their accompanying indraft on heating.

4.7.13

The extremely fast response of direct-fired gas heaters dictates their considera-

tion be given to provide the make-up air required for the exhaust operation. If
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units are boated over entrance doors with supply ducts blanketing the opening and

with duct slois having a minimum discharge velocity of 2000 fpm, there should be

sufficient mixing of the infiltrating and supply air to offset the infiltration problem.

Make-up air units should be interlocked with doors to activate upon opening and

Interlocked with exhaust fans to activate whenever exhaust fans are operated. In

either case exhaust Fans must be operating if make-up air unit is on. Each make-up

air unit should be interlocked with an equivalent air capacity of exhaust units to

offset the negative pressure problem.

4.7.14

In addition to the fresh air introduced into the building to replace that con-

sumed by engine combustion and exhaust units, make-up air units may also be used

for space beating when large volumes of make-up air are continually required.

Where the make-up air units need not be operated, it is economically justified to

pro\ ide supplemental space heating units to offset natural building heat losses

This may be a composite system which might include under-floor warm air ducts,

fin type coil along exterior walls, unit heaters, warm air heaters.

4.7.15

The use of direct-fired gas heaters where gas is available at a reasonable cost

does not preclude the use of other types of heating, viz: steam, hot water, or even

electric.

4.8 ELECTRIC LIGHTING

4.8.1

For footcandle intensities, the recommendations of the IES should be consulted.

Since the quality of light is as important as quantity, an effort should be made to

reduce glare.

4.8.2

Recessed waterproof fixtures along the walls of die pits can be successful in

providing illumination for inspection and repair under the locomotive. The smaller

sizes of mercury-vapor lamps can be used for increased efficiency and output.

Symmetric lenses will help in aiming the light upward under the locomotive.

4.8.3

Illuminate die trucks of locomotives and areas under the platforms with angle-

type fluorescent fixtures, with clear covers to protect against dirt and moisture.

Acrylics and polycarbonates are less fragile than glass. In economy installations, or

where contamination is less of a problem, the covers can be dispensed with, but
where reflectors are shallow or not used, wire guards should be installed

4.8.4

General illumination over the overhaul and maintenance areas can best be
accomplished with high bay color-corrected mercury-vapor fixtures. Consider using
fluorescent fixtures in low bay areas to cut glare, particularly in machine shops where
specular surfaces are encountered.
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4.8.5

Perimeter lighting should be installed around the building and floodlighting

on the tracks into and out of the building, using mercury-vapor fixtures.

4.8.6

Emergency lighting should be considered for exit passages. Unit battery equip-

ment is generally economical.

4.9 ELECTRIC POWER SUPPLY

4.9.1

The 480/277-volt, 3-phase, 4-wire distribution system using 480 volts for powe?

and 277 volts for lighting is generally more economical. Small step-down transformers

can supply any 120-volt loads.

4.9.2

Suitable electric outlets of proper phase and voltage should be located through-

out the inspection pits, and maintenance and repair areas for extension cords to drop

lights, power tools, steam generator washout machine, vacuum cleaners, welding

machines, battery chargers and other heavy duty tools,

4.9.3

Fuses and molded case circuit breakers are most used for circuit protection.

Fuses provide higher interrupting capacity and better coordination. They can also

be current limiting. Circuit breakers are easily reset, but calibration needs checking

on a regular basis and after interruption of a short circuit.

4.9.4

Available fault current, let-through fault current and coordination of over-

current protection are essential considerations in a circuit protection design.

4.9.5

For best protection, three-phase motors should have three overloads in starter.

Setting of overload should be no more dian 115% of actual full-load running current

unless motor is of a special type and operated at or above rated voltage.

4.9.6

Cranking of diesel engines, when internal power is unavailable, can be accom-

plished with suitably located storage batteries kept charged by float-type chargers.

4.9.7

NEMA-12 enclosures on panels, motor starters, etc., will decrease maintenance

and increase reliability.

4.9.8

When using aluminum cable, better results will be obtained with compression

lugs and connectors rather than the mechanical type.

4.9.9

Good grounding and low impedance ground fault return paths are essential

in an electrical system for safety and operation of overcurrent devices. Building
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Bteel is not suitable for equipment grounding as it is generally a high-impedance

ground return path. Arcing ground fault protection should be installed on services

and critical loads.

4.10 OVERHEAD CRANES
4.10.1

General—As the nature of operations in repair, overhaul and maintenance areas

requires handling various locomotive components, the overhead crane is a desirable

facility, and the following suggested capacities and lift heights should be given

consideration.

4.10.2

Above engine-stripping, overhaul and assembly areas:

(a) If complete engines, less main and auxiliary generators are to be lifted:

20 ton, 12-ft lift above floor.

(b) If main frames or blocks are to be separated and lifted from bases or

oil pans without stripping the power assemblies (heads, pistons and

rods, liners) and other items therefrom:

20 ton, 12-ft lift above floor.

(c) If main frames or blocks are to be separated and lifted from base or oil

pan after having been stripped:

VA ton, 12-ft above floor.

(d) If crankshafts and other smaller engine components are to be lifted, on

the basis that the engine and main frames or blocks will be handled

under cranes in an adjoining bay by rolling diem to and from on dollies:

23a ton, 12-ft lift above floor.

(e) To permit lifting all engine components, except crankshafts, main frames

or blocks and bases, or oil pans on die basis that such will be handled

under a larger crane in an adjoining bay by rolling them to and from
larger cranes, on dollies:

1 ton, 12-ft lift above floor.

4.10.3

Above maintenance tracks, including depressed floor and pit tracks with ele-

vated platforms:

2 ton, 20-ft lift above top of rail.

4.10.4

Above maintenance and repair tracks in a small shop handling both maintenance

and repairs:

(a) If axle-mounted wheels and traction motors will be handled separately,

in addition to other parts:

5 ton, 24-ft lift above top of rail to permit lifting larger components
out of units.

(b) If an assembly consisting of traction motor wheels, axles and roller-

bearing journal boxes will be handled as a unit:

10 ton, 24-ft lift above top of rail to permit lifting main generators
and other large components out of unit.
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(c) If locomotive body will be jacked and truck work handed by lifting one
end of truck only:

20 ton, 24-ft lift above top of rail.

(d) *If diesel engine is to be lifted out of units:

30 ton, 30-ft lift above top of rail.

(e) °If complete trucks are to be lifted:

40 ton, 30-ft lift above top of rail, assuming the same crane will

also be used for lifting diesel engine out of units.

(f) *If one end of body is to be lifted without trucks attached:

60 ton, 30-ft lift above top of rail, assuming the same crane will

also be used for lifting diesel engine out of units.

(g) *If one end of locomotive is to be lifted with the trucks suspended
therefrom

:

100 ton, 30-ft lift above top of rail; or 36-ft lift above top of rail

if locomotives are to be lifted over each other using two 100-ton

cranes, one at each end of the unit.

(h) *If complete locomotives are to be lifted with trucks suspended there-

from :

200 ton (one crane with two 100-ton trolleys), 36-ft lift above top

of rail, if locomotives are to be lifted over each other.

* These crane capacities and lifts are also suitable for repair or overhaul shops whether or
not associated with maintenance and light repair facilities.

4.10.5

Many of the foregoing crane capacities and lift heights can be reduced if careful

check is made of the locomotives to be handled, since the figures shown are intended

to cover the largest and heaviest locomotives now in service.

4.10.6

If allowance is to be made for future types of motive power, including the gas

turbine-electric, etc., certain of the above capacities should be increased consider-

ably. As the most costly units are the larger cranes, consideration should be given

to purchasing the larger cranes with 50 percent greater capacities than indicated

above to allow for future contingencies, since the price difference usually is propor-

tionally less than the increase in capacity.

4.10.7

It is recommended that cranes under 20-ton capacity be floor controlled. This

would preclude the possibility of a man being dedicated to units in the lighter

capacities.

4.11 POLLUTION CONTROL (WATER)

4.11.1

Industrial wastes emanating from the locomotive shop operation, such as oils,

chromates, detergents, etc., must be considered for treatment in pollution abate-

ment whether discharging to stream or municipal sewer plant.



224 Bulletin 645—American Railway Engineering Association

4.11.2

A separate collection system for handling of chromates or other toxic material

should be installed.

4.11.3

Toxic materials that are collected may require special waste treatment systems

if they are not to be reused.

4.11.4

A primary oil, water, solids separator should be considered for the lube oil and

oil filter changing operations.

4.11.5

Locomotive washing waste should receive primary treatment in an oil, water,

solids separator in order to remove grit, sludge and any free oil which may enter

the system.

4.11.6

Chemical treatment of the locomotive washing waste to remove oils emulsified

by the soaps and cleaners should follow the primary treatment.

4.11.7

Waste from floor washing operations should receive the treatment noted under

Arts. 4.11.4 and 4.11.5.

4.11.8

The degree of treatment required will be dependent on the classification of the

receiving waterway. In the case of discharging into a large municipal sewer, it may

be required to keep oil content down to 100 mg!/l while in the case of a Class A
/T) stream it may be required to keep oil content down to 15/10 mg/1 as well as

removal of BOD, COD and other contaminants such as phenol, to limits set by the

local and Federal regulatory agencies.

4.11.9

A high degree of treatment should require the use of the chemical treatment

facilities previously noted (dissolved air flotation) as well as facilities for removal

of BOD, COD, phenol, etc.

4.12 POLLUTION CONTROL (NOISE)

4.12.1

In relating noise to hearing loss, six factors must be considered:

(a) Frequency of the noise.

(b) Overall level of noise.

(c) Exposure time during a working day.

(d) Duration of noise exposure during a day.

(e) Total exposure time during an estimated work life.

(f) Individual's age and susceptibility.
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4.12.2

Less hearing impairment occurs from non-continuous noise than from continuous

noise.

4.12.3

Damage to the ear can occur after 5 hours of continuous noise exposure of 100

decibels.

4.12.4

Ten hours of exposure at same level with varied rest periods may not be harmful

though the total energy generated to the ear is equal in both cases.

4.13 POLLUTION CONTROL (AIR)

4.13.1 Air Pollution

(a) Disposal of gaseous wastes is easily treated from a chemical or biological

viewpoint. They contain certain known contaminants which can be absorbed,

adsorbed, oxidized, separated or otherwise removed by existing conventional methods.

Therefore, it is not the type of contaminant so much as the total quantity of gas

which must be handled that makes the gaseous waste disposal problem a difficult

one. For example, a single 100,000 No. 1W boiler, which is not large by today's

standards, may emit 40,000 to 50,000 scfm of flue gas. If it is necessary for economic

reasons to operate this boiler on either coal or a residual fuel which contains sulfur,

and if it is necessary to subsequently remove this sulfur, then the physical size and
cost of treatment apparatus is not dictated by the amount of sulfur present in the

flue gas but rather the total volume of flue gas that must be handled. This type of

problem is present in most gas treatment systems; that is, the amount of contaminant

is small but the amount of non-toxic carrier gas, usually air or inerts, is tremendously

high in comparison.

(b) Before handling a waste gas, it is imperative that we know several things

about the gas. These are: (1) temperature, (2) volume, (3) chemical constituents,

(4) dewpoint, and (5) permissible atmospheric tolerance levels for the constituents

in the gas. With a knowledge of these factors, we can then select the method which

is best for the final disposal.

(c) Diesel locomotive effluents are coming under increasingly stringent review

by public authorities. Quantitative data on emissions from high-horsepower engines

must be collected and evaluated in order to eliminate this source of pollutant.

4.14 COMMUNICATIONS
4.14.1

An adequate communications system between supervisory and maintenance

personnel should be provided.

4.14.2

Communications system can consist of loudspeaker paging system, wireless

paging system, public telephone system, short line telephone system and radio control

system.

4.14.3

Loudspeaker paging system can be strategically located so that in essence you
have a number of small speakers vs. one large speaker so that the disturbance level
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is kept to a minimum. Speakers should be located within the four corners of the

shop and on the outside of the shop in areas directly involved in the shop operation.

Part of the loudspeaker system should incorporate a short line (not part of public

system) to office (communication center) in proximity of speakers.

4.14.4

Wireless paging system requires use of individual personnel receivers. Here

a beep is used to the individual receiver for paging. It has the advantage of paging

an individual not located within the area of a loudspeaker. The disadvantage is

that only the individuals carrying receivers can be alerted.

4.14.5

Public telephones should be made available for office areas.

4.14.6

Radio control system for communication with road engines should be considered.

One located in office area (communication center) and one located at fueling and

sanding facility. This system can also be used to check radio operation in engines.

4.14.7

It is essential that the communication equipment be located in an office that

has adequate personnel coverage for the receiving and sending of information.

4.15 FIRE PROTECTION

4.15.1

The basic fire protection should consist of fire hydrants strategically located

on the outside of the building. In addition, dependent on local codes or insurance

requirements, the use of interior standpipes strategically located within the shop,

water, dry chemical or C02 hand extinguishers dependent on the type of occupancy

or type of specific operation performed and use of fire walls to separate highly

flammable operations with a view toward containing same. Where hoods are used

for engine exhaust and due to the high incidence of fire occurring within the hood,

consideration may be given to using a central station C02 system or the use of steam
through nozzles strategically located to cover the interior of the hood.
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Diesel Shop Check List

1. Location:

a. City , State

b. In Yard

c. Applicable Codes: Sanitary , Ventilation

Heating , Fire Protection

2. Type of Building:

a. Prefab Height Width Length . .

b. Concrete Block Height Width Length . .

3. No. of Tracks:

a. Types of service for each track and storage length.

b. Location of idling engines or engine test.

4. Utilities:

a. Water, Utility Rates Pressure

b. Gas, Utility Rates Press Nat.

Mfg Others

c. Elect., Utility Rate Voltage

d. Sewer, Utility Sanitary Septic

5. Locomotive Pulling Equipment:

a. Robot, Power Req Support Detail.

b. Other

6. Cranes:

a. Overhead 30 Ton 5 Ton Other

b. Pendant Control

c. Radio Control

d. Cab

7. Drop Table:

a. No. of Tables

b. Release Track

c. Traction Dolly

d. Clearance under truck frame

e. Pit configuration: Height Width Length
f. Track Centers

8. Washer Type:

a. Track Location Inside Outside

b. Truck Wheel Body Interior . . .

c. Types of Chemicals Quantities

d. Method of handling chemicals

e. Operation

f. Drainage

g. Treatment of Waste

9. Material Handling:

a. New Filters

b. Used Filters

c. Wheels

d. Other
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10. Platform Access:

a. Hydraulic Lifts Track Nos

b. Ramps Track Nos

c. Stair Track Nos

d. Lift Wts Sizes

11. Mechanical Services:

a. O 2 & Acetylene System Portable Reel

Above Below

b. 14P Cleaner Above Below Reels

c. Suspension Bearing Oil System Portable

Above Below Reels

d. Water Above Below

e. Air Above Below

f. Treated Water Above Below

g. New Lube Oil Above Below

h. Used Lube Oil

i. Treated Water Drains Above Below

k. Electrical Solvent Above Below Reel

12. Electrical Services:

a. Area Lighting Candlepower

b. Equipment Voltages

c. Battery Charging outlets

d. Special Equipment outlets

13. Ventilation:

a. Track Nos Quantity

b. Interior office areas.

14. Heating:

a. Gas Oil Electric

b. Make up Air Space Heating

c.

15. Locker Facilities

16. Waste Treatment Facilities

17. Pneumatic Tube From To
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Committee 9—Highways

Report on Assignment B

Revision of Manual

J. E. Spangler (cJuiirman, subcommittee B), J. M. Bates, L. T. Cerny, C. A.

Christensen, J. W. Cruekshank, F. Daugherty, C. I. Hartsell, E. E.

Howard, D. P. Insana, P. G. Jefferis, Jr., R. V. Loftus, R. F. McDonald,

J. C. Miller, R. E. Skinner, David Veitch, W. E. Webster, Jr., C. H. Wor-
boys, K. E. Wyckoff.

Your committee, by letter ballot, has approved revisions to Parts 1, 2, 3, and 4

of Chapter 9 of the AREA Manual. The revisions were proposed only after an ex-

haustive review of the "Manual on Uniform Traffic Control Devices for Streets and

Highways" and proposed AAR "Bulletin No. 7—Recommended Practices—Railroad-

Highway Grade Crossing Warning Devices."

The Manual revisions approved by your committee are now submitted for

adoption by the Board of Direction of the Association. The specific revisions are as

follows:

Page 9-1-1

RECOMMENDED USE OF VARIOUS TYPES OF HIGHWAY-RAILWAY
GRADE CROSSINGS

Revise the tabulations to read as follows:



Manual Recommendations 233

Reference List of Specifications

Reference Xumber
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REFLECTORIZED"
WHITE

-REFLECTORIZED
WHITE

18

9 FT*

'"HEIGHT MAY BE VARIED
AS REQUIRED BY
LOCAL CONDITIONS

ROADWAY LEVEL

HIGHWAY CROSSING SIGN

Fig. 1
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is to be made. State or Federal laws will govern where there are differences in

requirements from any of these recommendations.

(b) These recommendations are in the interest of establishing uniformity in

traffic control and safety devices at railroad-highway crossings, and they do not, in

any way, imply or otherwise suggest inadequacy of installations which may not con-

form to the provisions of this Manual.

Page 9-2-2

Delete Fig. 1 and substitute revised Fig. 1 presented on page 234.

Page 9-2-3

Delete entire page, including Fig. 2.

Page 9-2-4

Delete entire page, including Fig. 3.

Page 9-3-1

Delete all wording on this page and substitute the following:

Part 3

Signals for Highway-Railway Grade Crossings

3.1 GENERAL

3.1.1

At crossings where engineering studies show a need for an indication of the

approach of a train or the presence of a train on the crossing, flashing-light signals

or cantilever flashing-light signals, with or without gates, are recommended at loca-

tions indicated in Figs. 1 through 12, Part 3.

3.1.2

The practices contained in Parts 3 and 4 of Chapter 9 of the AREA Manual

are recommended for new installations or when general replacement of present

apparatus is to be made. State or Federal laws will govern where there are differ-

ences in requirements from any of these recommendations.

3.1.3

These recommendations are in the interest of establishing uniformity in traffic

control and safety devices at railroad-highway crossings, and they do not, in any

way, imply or otherwise suggest inadequacy of installations which may not conform

to the provisions of this Manual.

Pages 9-3-2 to 9-3-2.2, incl.

Substitute the following for the data on existing pages 9-3-2 through 9-3-2.2:

3.2 SPECIFICATIONS FOR HIGHWAY GRADE CROSSING SIGNALS

3.2.1 Purpose

The purpose of these specifications for highway grade crossing signals is to set

forth the general provisions representing modern practices recommended for new

installations and the replacement of existing installations when general renewal or

replacement becomes desirable, for one-way or two-way traffic.
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3.2.2 Aspect

The highway crossing signal, when indicating the approach or presence of a

train, shall present toward approaching highway traffic the aspect of two red lights

in a horizontal line flashing alternately. Additional light units or an additional signal

may be used if it is determined to be impracticable to protect all highway traffic

approaching the crossing from one direction with a single signal, except that back-

to-back lamp units may not be required for one-way highway traffic.

3.2.3 Painting

Painting, when required, shall be in accordance with Signal Manual Part 110

and all metal parts, except pinnacles, bells and parts which function as hoods or

background for signals, shall be given a finishing coat of white or aluminum.

3.2.4 Operation

3.2.4.1 General

3.2.4.1.1

Signals and devices which indicate the approach of a train shall be so con-

trolled that they will operate for such a period of time before the arrival of any

train operated over the crossing as is reasonably required to afford protection.

3.2.4.1.2

Controls, including electric, electronic and mechanical methods, shall be in

accordance with Signal Manual Part 34, insofar as it applies, and as far as prac-

ticable shall be so designed that in the event of failure of any part, the operation

required of the signals and devices will be provided.

3.2.4.1.3

Where means are provided for cutting out the warning devices during inter-

vals when trains make regular operating stops or platform switching operations on
approach circuits:

(a) Controls shall be so designed as to provide operation of warning
devices before a train reaches the crossing.

(b) Automatic control of protective devices actuated by approaching trains

other than the train that has stopped or is performing switching opera-

tions, shall take precedence over any feature provided to suspend
operation.

3.2.4.1.4

Where manual supervisory control of warning devices is provided in addition

to automatic controls:

(a) Automatic control actuated by approaching trains other than that for

which manual control has been made effective shall take precedence
over the manual control.

(b) Means shall be provided to restore the controls to automatic operation.

(c) Means shall be provided to prevent manual operation by unauthorized
persons.
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3.2.4.2 Controls

3.2.4.2.1

On tracks where trains operate at a speed of 20 mph or higher, the signals

shall operate for not less than 20 seconds before arrival of any train on such track.

On other tracks used for switching and assembling trains such as industrial leads,

sidings, switching tracks and storage tracks, means shall be provided to warn

approaching highway traffic.

3.2.4.2.2

Signals shall operate whenever any part of the train occupies the crossing.

3.2.4.2.3

Where train speeds on a given track vary considerably under normal operation

and volume of railroad and highway traffic warrants, special devices or circuits

should be installed to provide reasonably consistent warning time for all movements.

Under similar traffic volume conditions special control features should be used to

eliminate the effects of station stops and switching operations within approach

control circuits.

3.2.4.2.4

Bell, when used, should sound a warning during the time the signal lights are

operating, except it may be silenced when head end of train reaches the crossing,

or when the gate has descended to within 10 degrees of horizontal.

3.2.4.2.5

Where highway traffic or other conditions warrant and traffic signals are located

within 200 ft of a railroad-highway grade crossing which is provided with highway

crossing signals, a circuit should be provided to pre-empt the traffic light controller

during approach and passing of train as described in the Manual on Uniform Traffic

Control Devices for Streets and Highways.

3.2.5 Bell

Bell, when used, shall be in accordance with Signal Manual Part 21, and

mounted with the face of the gong parallel to the highway

3.2.6 Electric Light Units

Electric light units shall be in accordance with Signal Manual Part 166, and

shall be arranged to provide indication for approaching traffic as required. They

shall be mounted horizontally at 2-ft 6-in centers and preferably not less than 7 ft

6 in nor more than 9 ft 6 in above the surface of the highway.

3.2.7 Range and Spread

3.2.7.1

Range shall be the distance at which the indications will be clear and distinct

to a person with normal vision.

3.2.7.2

Each electric light unit, when equipped with a roundel designed for 30 deg

horizontal spread, shall provide an indication having a beam candlepower or uniform

intensity at any angle up to 10 deg on either side of the axis and the range at
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any point within the 20 deg angle under bright sunlight conditions, with the sun

at or near the zenith, shall be not less than 1500 ft.

3.2.7.3

Electric light units shall display a satisfactory close indication.

3.2.8 Flashes

3.2.8.1

Light units shall flash alternately. The number of flashes per minute for each

incandescent type lamp shall be 35 minimum, 55 maximum.

3.2.8.2

Lamps shall be illuminated approximately the same length of time. Total time

of illumination of each pair of lamps shall be practically the entire operating time.

3.2.9 Guard Rails

Where local conditions will permit, a lateral escape route to the right of the

highway in advance of the crossing protection signal should be kept free of guard rail

or other above-ground obstructions. Placement of the guard rails is the responsibility

of the highway authorities. Where guard rail is not deemed necessary nor appropriate

by highway authorities, rigid non-yielding type barriers are not to be used for pro-

tecting signal supports. In industrial and other areas involving only low-speed high-

way traffic and where signals are susceptible to being struck by turning truck traffic

such as in terminal areas, alleys, warehouse areas, etc., ring-type guard rail may be

installed to provide protection for the signal assembly.

Pages 9-3-4 to 9-3-17, inch

Delete Figs. 1 to 14, inch, and substitute revised Figs. 1 to 14, incl., presented

herewith. Also, add new Fig. 15 presented herewith. (See pages 239-253.)

Page 9-3-21

Delete entire page, including Fig. 18.

Page 9-3-22

Delete entire page, including Fig. 19.

Page 9-3-23

Delete entire page, including Fig. 20.

Page 9-3-24

Delete entire page, including Fig. 21.

Page 9-3-25

Delete entire page.

Page 9-3-26

Delete entire page, including Fig. 22.

(Text continued on page 254)
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TYPICAL LOCATION PLAN FOR AUTOMATIC CROSSING SIGNALS WITH

OR WITHOUT GATES FOR TWO-WAY HIGHWAY TRAFFIC

RIGHT ANGLE;

Fig. 1
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PLAN

TYPICAL LOCATION PLAN FOR AUTOMATIC CROSSING SIGNALS WITH

OR WITHOUT GATES FOR TWO-WAY HIGHWAY TRAFFIC

ACUTE ANSLE.

Fig. 2
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PLAN

TYPICAL LOCATION PLAN FOR AUTOMATIC CROSSING SIGNALS WITH
OR WITHOUT GATES FOR TWO-WAY HIGHWAY TRAFFIC

OBTUSE ANGLE.

Fig. 3

Bui. 645
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PLAN I

CO
III

_j

o

CENTER OP BASE FOR

CR0SSW6 PROTECTION

PLAN 2

TYPICAL LOCATION PLANS FOR AUTOMATIC CROSSING S/6NALS
WITH OR WITHOUT GATES FOR ONE-WAY HIGHWAY TRAFFIC

RIGHT ANGLE

Fig. 4
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sOTi
M/A/.- h IZ'MINJ.

PLAN \

p £
u. o

CENTER OF BASE FOR'

CROSSING PROTECTION
-CENTER OF BASE FOR
CROSSING PROTECTION

PLAN 2

TYPICAL LOCATION PLANS FOR AUTOMATIC CROSSING SIGNALS
WITH OR WITHOUT GATES FOR ONE-WAY HIGHWAY TRAFFIC

RIGHT ANGLE

Fig. 6
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8-rMIN.(5EE.N0TE0N FIG. 13)

,
r

12 MIN. J

PLAN 2

TYPICAL LOCATION PLANS FOR AUTOMATIC CROSSING SIGNALS

WITH OR WITHOUT GATES FOR ONE-WAV HIGHWAY TRAFFIC DIVIDED HIGHWAY

RIGHT ANGLE

Fig. 7
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8*"MINIMUM(SEE NOTE ON FIG. 13)

CENTER OF BASE FOR
CROSSING PROTECTION^

=S*

%

TYPICAL LOCATION PLANS FOR AUTOMATIC CROSSING SIGNALS
WITH OR WITHOUT GATES FOR ONE-WAV HIGHWAY TRAFFIC DIVIDED HIGHWAY

RIGHT ANGLE

Fig. 8
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j r l
8'fMINIMUM (SEE NOTE. ON FIG. 13)

TRACK

°1S

o'q:
u. o

W g-<fo

6' MIN: -
fi-O-A /2'MIN.

PLAN 2

TYPICAL LOCATION PLANS FOR AUTOMATIC CR0SSIN6 SIGNALS
WITH OR WITHOUT GATES FOR ONE-WAV HIGHWAY TRAFFIC-DIVIDED HIGHWAY

RIGHT ANGLE

Fig. 9
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LESS THAN &'£

f<£.
IZ'MIN. -

J~»

6' v?>v
\-MIN.

IZ'MIN.

t^1

TYPICAL LOCATION PLANS FOR AUTOMATIC CROSSINS SIGNALS
WITH OR WITHOUT GATES FOR ONE-WAY HIGHWAY TRAFFIC DIVIDED HIGHWAY

RIGHT ANGLE

Fig. 10
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82' MINIMUM (SEE NOTE ON FIG. 13)

TYPICAL LOCATION PLAN ("COMPOSITE) FOR AUTOMATIC CROSSING

SIGNALS AND GATES TOR ONE-WAY HIGHWAY TRAFFIC DIVIDED HIGHWAY

NOTE- FOR FLASHING LIGHT SIGNALS ONLY SEE FIGS. 4,5,7. 8, AND 10

ACUTE ANGLE

PLAN

Fig. 11
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£0

MIN. 6'

IT
8'2"MINIMUM (5EE NOTE ON FIG. 13}

CENTER OF BASE FOR

CROSSING PROTECTION

TYPICAL LOCATION PLAN (COMPOSITE) FOR AUTOMATIC CROSSING
SIGNALS AND GATES FOR ONE -WAY HIGHWAY TRAFFIC DIVIDED HIGHWAY

NOTE-FOR FLASHING LIGHT SIGNALS ONLY SEE TIGS. 5, £.8, AND 9

OBTUSE ANGLE
PLAN

Fig. 12
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TYPICAL CLEARANCE PLAN SHOWING
TWO FEET MINIMUM CLEARANCE FROM
CURB. WHERE THERE IS NO CURB, A
MINIMUM HORIZONTAL CLEARANCE OF
TWO FEET FROM EDGE OF A PAVED OR
SURFACED SHOULDER SHALL BE PRO-
VIDED WITH A MINIMUM CLEARANCE OF
SIX FEET FROM THE EDGE OF THE TRAV-
ELED WAY. WHERE THERE IS NO CURB
OR SHOULDER, THE MINIMUM HORIZONTAL
CLEARANCE OF SIX FEET FROM THE EDGE
OF THE TRAVELED WAY SHALL BE MAIN-
TAINED.

WHERE GATES ARE LOCATED IN THE
MEDIAN, ADDITIONAL CLEARANCE IS

REQUIRED FOR THE COUNTERWEIGHT SUPPORTS.

MINIMUM ^
CLEARANCE
LINE

a VaMWifiroa

4" MAX.

SETT

TYPICAL CURB AND GUTTER PLAN

FOR RAILROAD-HIGHWAY CROSSING SIGNALS

WITH OR WITHOUT GATES

FIGURE 13
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z
2

TOP OF FOUNDATION TO BE
AT THE SAME ELEVATION
AS THE SURFACE OF THE
TRAVELED V/AY AND NO
MORE THAN 4 INCHES
ABOVE THE SURFACE OF
THE GROUND. (FOR CURB
SECTIONS SEE FIGURE 13)

4 MAX.

GROUND LEVEL

NOTE: Details shown on Signal Manual Drawing 1653

RAILROAD-HIGHWAY CROSSING SIGNAL

Fig. 14
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4" MAX.

GROUND LEVEL

TOP OF FOUNDATION TO BE AT THE SAME ELEVATION AS THE
SURFACE OF THE TRAVELED WAY AND NO MORE THAN 4 INCHES
ABOVE THE SURFACE OF THE GROUND. (FOR CURBED SECTIONS
SEE FIGURE 13)

NOTE: For datails »•• Signal Manual Drawing 1746

RAILROAD-HIGHWAY CROSSING SIGNAL

TYPICAL CANTILEVER SPAN

Fig. 15
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Pages 9-4-1 and 9-4-2

Substitute the following for the data on existing pages 9-4-1 and 9-4-2:

Part 4

Automatic Crossing Gates for Highway-Railway
Grade Crossings

4.1 SPECIFICATIONS FOR AUTOMATIC CROSSING GATES

4.1.1 Aspect

An automatic gate, when installed, shall serve as an adjunct to a highway

crossing signal of the flashing-light type and, when indicating the approach of a

train, shall present toward approaching highway traffic the aspect of an arm equipped

with red lights either being lowered or at rest in the horizontal position across the

lane or lanes used by traffic approaching the crossing.

4.1.2 Location

Flashing-light type signal, with or without gates, should be placed preferably

to the right of approaching highway traffic and conform to Figs. 1 to 13, inch, Part

3, this Chapter. Where local conditions require, gate arms may be placed at other

than right angles to highway, and additional light units or an additional signal may
be used if it is determined to be impractical to warn all highway traffic approach-

ing the crossing from one direction with a single signal.

4.1.3 Arm

Each gate arm shall be equipped with not less than three red lamps arranged

to shine in both directions along the highway. The gate arm, when in the raised

position, shall not obstruct or interfere with highway traffic.

4.1.4 OPERATION

4.1.4.1

'Gate arm lights shall operate in conjunction with the highway crossing signal

at all times when the gate is in position to obstruct highway traffic. The light nearest

the tip of arm shall burn steadily and two lights shall flash alternately in unison

with the lights on the signal.

4.1.4.2

Gate arm shall start its downward motion not less than 3 seconds after the

signal lights start to operate.

4.1.4.3

Gate arm shall reach the horizontal position before arrival of any train and shall

remain in that position as long as any part of the train occupies the crossing.

4.1.5 Circuits

Circuits shall be so arranged that a failure of the gate mechanism to operate as

intended will not prevent the lights on gate arm and signal from operating on the
approach of a train.
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Page 9-4-4

Delete Fig. 1 and substitute revised Fig. 1 presented on page 256,

Page 9-4-5

Delete entire page, including Fig. 2.
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Manual Recommendations

Committee 15—Steel Structures

Report on Assignment B

Revision of Manual

D. V. Messman (chairman, Subcommittee on Revision of Manual), A. E. Schmidt
(chairman, Subcommittee on Movable Bridges), J. G. Clark (chairman. Sub-
committee on Bibliography), A. J. Wood, (chairman, Subcommittee on Welded
Steel Railway Bridges), D. S. Bechly, L. S. Beedle, E. S. Birkenwald,
E. Bond, T. J. Boyle, J. C. Bridgefarmer, H. L. Chamberlain, J. S. Cooper,
H. B. Cundiff, L. F. Currter, E. J. Daily, A. C. Danks, F. P. Drew, J. L.
Durkee, N. E. Ekrem, G. F. Fox, J. W. Hartmann, J. M. Hayes, A. Prede-
fine, G. E. Henry, L. R. Hurd, M. L. Koehler, H. B. Lewis, R. C. McMaster,
T. J. Mearsheimer, G. E. Morris, W. H. Munse, D. L. Nord, R. D. Nord-
strom, R. G. Pdzrddes, M. Schifalacqua, F. D. Sears, G. R. Shay, R. I.

Simkins, H. Solarte, A. P. Sousa, J. E. Stallmeyer, Z. L. Szeliski, J. D.
Tapp, Jr., W. M. Thatcher, R. N. Wagnon, C. R. Wahlen, R. H. Wengen-
roth, W. Wilbur, M. O. Woxland.

Your committee submits for adoption the following recommendations with
respect to Chapter 15 of the Manual:

Delete Part 6—Movable Bridges, pages 15-6-1 to 15-6-71, inch, substituting

therefor the following completely revised Part 6.

Part 6

'Movable Bridges

FOREWORD
The purpose of this part is to supplement or modify preceding parts of these

specifications in order to formulate specific and detailed rules as a guide for the

design, fabrication and erection of movable railway bridges. Parts 1 through 5 are

applicable to movable railway bridges except as modified by Part 6.

CONTENTS
Section Page

6.1 Proposals and General Requirements 258

6.2 General Features of Design 264

6.3 Loads and Stresses 268

5.4 Basic Allowable Unit Stresses 276

6.5 General Details 280

6.6 Wire Rope and Sockets 297

6.7 Power Equipment 302

6.8 Workmanship 326

6.9 Erection 331

257
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6.1 PROPOSALS AND GENERAL REQUIREMENTS

6.1.1 General

(a) The structural, mechanical and electrical design will be furnished by the

company, unless it is stated in the invitation for bids that such designs, or specified

portions of them, are to be furnished by the contractor.

(b) The company shall, with its invitation for bids, furnish a copy of the con-

tract form together with site plans and a full description of the requirements for the

structure. These requirements shall make clear the division of responsibility between

company and contractor for designing, furnishing and erecting or installing all

components of the structure, and shall fully specify or describe all of such com-

ponents which are the responsibility of or affect the work of the contractor.

(c) The contractor shall furnish and erect the structure ready for operation

and to receive trains, except for such components as are specified to be furnished

or installed by the company.

(d) All shop drawings, assembly drawings and other papers prepared for the

purpose of meeting the governing conditions and specifications of the contract shall

be subject to the approval of the engineer.

6.1.2 Abbreviations

(a) The following abbreviations are used herein:

ASTM American Society for Testing and Materials

ANSI American National Standards Institute

AISI American Iron and Steel Institute

AGMA American Gear Manufacturers Association

SAE Society of Automotive Engineers

NEMA National Electrical Manufacturers Association

NEC National Electrical Code
IPCEA Insulated Power Cable Engineers Association

IEEE Institute of Electrical and Electronics Engineers, Inc.

NFPA National Fire Protection Association

6.1.3 Time of Opening

(a) The normal times for opening the bridge after the ends are released shall

be as specified for both normal and emergency operation in the invitation to bid.

6.1.4 Machinery Drawings

(a) The contractor shall make an assembly drawing and detail drawings of the

machinery. These drawings shall be so complete that the machinery parts may be
duplicated without reference to patterns, other drawings, or individual shop practice.

(b) The contractor shall make a drawing or chart showing all bearings, elec-

trical equipment, and other elements of the bridge which require lubrication, and
designating the lubricants to be used and the frequency of lubrication. Framed,
sealed copies of the lubrication drawing shall be mounted in an appropriate place
on the bridge.

6.1.5 Machinery Design

(a) If the machinery design h prepared by the contractor, he shall furnish
complete design calculations for all parts of the machinery and shall include
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therein the torques to be exerted at the shaft of each normal and emergency oper-

ating motor and engine as follows:

1. For acceleration and for retardation.

2. For frictional resistance.

3. For any unbalanced condition of the bridge.

4. For the wind loads.

5. For the greatest resultant combinations of resistances acting at one time

under the various design conditions herein specified. The torque for

starting friction shall not be combined widi the torque for acceleration.

Where operation is by electric motor, these calculations shall include the speed-

torque curves for the various steps of control which are to be provided. The rated

full-load torque and the maximum starting torque of the motor, including the

effect of its control system, or engine shall be included on these curves. On these

curves there shall also be shown die overload relay setting and die torques for

operation of the span under Conditions A, B and C of Art. 6.3.6.

6.1.6 Weight and Center of Gravity

(a) The contractor shall determine the weight and (where necessary) the

location of the center of gravity of the moving span, including parts attached

thereto; also of the counterweights, including their framework. These determinations

shall be based on weights carefully computed from shop plans. The computations,

accompanied by the weight bills, shall be submitted to the company in form for

verification.

6.1.7 Houses

(a) The contractor shall furnish and build the machinery house or houses.

The house or houses for the operator, the electrical equipment and the signal devices

shall be built by the contractor or the company, as may be stipulated.

6.1.8 Signals and Interlocking

(a) The company will furnish and install the railway signal system, including

the master lever and the devices necessary for interlocking the signal system with

the moving span. The contractor shall furnish and install the devices necessary for

interlocking the parts of the bridge machinery with each other and for connection to

die master lever. The operating machinery and the electrical parts shall be so de-

signed that the signal system may readily be installed and attached.

(b) Rail locks shall be used on movable bridges when stipulated by the com-

pany or when required by law or safety regulations. They shall be so designed that

they cannot be locked closed with the rails more than % inch out of correct alinement.

(c) When rail locks are not used, rail detectors shall be provided. There shall

be a rail detector for each running rail, actuated directly by the rail, which will

automatically set all signals to stop rail traffic whenever any rail is more than V> inch

out of correct alinement.

(d) Shoes for aligning the rails shall be provided.

6.1.9 Warning Lights

(a) The contractor shall furnish and install (including wiring) on the moving

span and piers, navigation lights and other signals or markings required by the

United States government or other authorities, and shall provide suitable means

of access to such lights and signals.
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6.1.10 Communication

(a) Sound-powered telephones shall be provided for intercommunication be-

tween all points where routine maintenance or adjustment of the mechanical or

electrical components is required. There shall be a permanent station at or near the

control console, each panelboard, and each set of span operating machinery. There

shall also be jack boxes at or near each span lock, rail lock, wedge drive, submarine

cable terminal cabinet, and any other location where intercommunication would

simplify maintenance and adjustment. Three headsets with plug-in jacks shall be

furnished. Magneto ringing at the permanent stations shall be provided when

stipulated by the company.

6.1.11 Wrenches

(a) Two sets of wrenches to fit heads and nuts of all bolts for the machinery

shall be furnished by die contractor, together with suitable work bench, pipe vise,

and suitable wall racks for the storage of equipment and spare parts.

6.1.12 Wiring Diagrams, Operator's Instructions, Electrical and Mechanical Data

Booklets, and Lubrication Charts

(a) The contractor shall furnish six bound copies of a booklet containing

descriptive leaflets and drawings covering all items of the electrical equipment, with

catalog numbers indicated; printed or typewritten statements prepared by the

manufacturers of the equipment covering the proper methods of adjusting, lubri-

cating, and otherwise maintaining each item; speed-torque-current curves for the

span-operating motors for each point of control; a concise statement of the necessary

operating functions in proper sequence; a detailed description of the functions

of each item in connection with the various operating steps; reduced reproduced

copies of all wiring and conduit diagrams and drawings of the control console and

switchboards; and a list of spare parts furnished. The booklet shall contain a table

of contents and shall designate each wire and item of equipment by the numbers

on the wiring diagrams.

(b) The contractor shall also furnish six bound copies of a similar booklet for

the mechanical equipment, which shall include lubricating charts showing the loca-

tions of all lubricating fittings and other points of lubrication, in accordance with

Art. 6.1.4 (b).

6.1.13 Classification of Bridge Work

(a) Bridge work shall be classified as follows and, unless otherwise stipulated,

paid for as indicated:

Structural steel, by the pound.

Machinery, a lump sum.

Counterweight sheaves, shafts, and bearings, a lump sum.

Trunnions and their bearings, a lump sum.

Tread plates and castings, by the pound.

Wire ropes and sockets, by the pound.

Balancing chains, by the pound.

Metal in counterweights, by the pound.

Concrete in counterweights, by the cubic yard.

Reinforcing steel, by the pound.

Internal combustion engines and tanks, a lump sum.

Class
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Class 12. Electrical equipment, a lump sum.

Class 13. Houses for machinery, electrical equipment, signal devices, and
operators, a lump sum.

Class 14. Railway deck and track, by the linear foot of full-width deck.

Class 15. Miscellaneous lumber, by the thousand feet board measure.

Class 16. Communication facilities, a lump sum.

Class 17. Elevators, a lump sum.

Class 18. Removals, a lump sum.

Class 19. Salvage credits, a lump sum.

Class 20. Items not classified in the foregoing.

(b) Payment quantities shall be determined as follows:

Class 1 by the provisions of Art. 3.6.4.

Classes 5 through 8 by scale weight; except that for Class 5, scale weight

in excess of 5 percent above the computed weight shall not be included.

Class 10 by the computed weight of the plain or deformed bars of the

specified sizes.

Classes 9, 14 and 15 by the engineer's measurement.

6.1.14 Parts Included in Classes

(a) Parts included in the different classes shall be:

Class 1, Structural Steel—In addition to the moving span, any parts of rolled,

forged, or cast steel which can be fabricated by the common shop methods of

punching, reaming, drilling, boring, shearing, planing, bending, welding, etc., usual

for stationary structures, except structural steel parts which function as machinery

parts which shall be classified under the appropriate machinery items.

Rim girders in swing bridges, segmental girders in rolling bascule bridges and

the girders on which they roll, parts supporting the machinery, machinery housing,

counterweight frames, counterweight trusses, counterweight boxes, operating struts,

rope attachment brackets or hangers, towers, steel framing and plates in houses

and in elevator hoistways, handrails, stairways and ladders, and steel ties, shall be

classified as structural steel.

Class 2, Machinery

Axles Disks

Bars Eccentrics

Bearings Gears

Bells Gear covers and guards

Brakes ( unless part of electrical Hooks

equipment) Indicators

Bridge locks Levers

Buffers Lubrication devices

Cables and wires (non- Pipes

electrical) for push-pull Pistons and their cylinders

devices Pivots

Capstans Racks

Center-pivot stands Screws

Couplings Shafts

Cranks Sheaves (except counterweight

Deflector castings and plates sheaves)
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Shims Wheels

Speed reducers Whistles

Spools Winding drums

Toggles Worm gearings

Wedges Wrenches

Wedge bases

Pins about whose axes the connecting members rotate

Equalizing devices and other fastenings for wire ropes (except sockets)

Bolts attaching machinery parts to each other and to their supports

Similar parts which require machine shopwork and which are not included

in any other class.

Class 3, Counterweight Sheaves—Cast or fabricated sheaves, together with

their shafts, bearings, shims and their connecting bolts.

Class 4, Trunnions and Bearings—Trunnions for moving leaves and counter-

weights of bascule bridges, together with their bearings, sleeves, supporting pedes-

tals, and tiieir connecting bolts.

Class 5, Tread Plates and Castings—Tread plates and castings for segmental

girders and track girders for rolling-lift bridges, together with their shims and con-

necting bolts.

Class 6, Wire Ropes and Sockets—Wire ropes and their sockets, shims and

attachments together with the socket pins.

Class 7, Balancing Chains—Chains and their fastenings used for balancing the

counterweight ropes.

Class 8, Metal in Counterweights—Cast iron used as counterweights; also scrap

metal or steel punchings used to increase the unit weight of counterweight concrete.

Class 9, Concrete—Concrete or mortar used in counterweights, including con-

crete balance blocks, and concrete in pockets of column bases and similar places.

No deductions shall be made for embedded reinforcing steel, drain pipes, scrap

metal, or steel punchings.

Class 10, Reinforcing Steel—All reinforcing bars and mesh for concrete. Unless

otherwise provided, no direct payment will be made for clips, spacers, ties, chairs,

or other fastenings and supports for reinforcing steel, but their cost shall be included

in the price per pound paid for reinforcing steel.

Class 11, Internal Combustion Engines and Tanks—Internal combustion en-

gines with tanks, compressors, starters, and interrelated piping to and including

clutch shaft, but not clutch for delivery of power, and to but not including valve

for delivery of air, and not to include such engines used as prime movers for standby

electric power.

Class 12, Electrical Equipment—High-voltage equipment and transformers as

specified, the switchboard and control console with their attachments, and electrical

parts beyond (whether on or off the moving span), such as motors, gearmotors,

controllers, resistances, electric brakes, solenoids, circuit breakers, fuses, relays, con-

tactors, switches, electric indicators, synchronizing and leveling equipment, limit

switches, blow-outs, cut-offs, meters, trolley poles, trolley wheels and contact shoes,

service and indicating lights, navigation lights and signals, electric heaters, con-

ductors, wiring, submarine, aerial and other cables, and conduits and their fittings,
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as specified for the operation of the moving span and accessories, and the lighting

and comfort conditioning of the houses, and engine-generators for the purpose of

standby electric power.

Unless otherwise noted in the invitation to bid, this item and this contract

shall include no parts or appurtenances of the signal interlocking system except

that the control panel and control console shall be of ample size to accommodate
the interlocking equipment as specified by the engineer.

Class 13, Houses for Machinery, Operators, Electrical Equipment, and. Signal

Devices—All parts of such houses, except steel framing and plating if any; also all

furniture, heaters other than electric, cranes, fire extinguishers, supplies, and similar

items, as specified in the invitation to bid.

Class 14, Railway Deck and Track—The complete timber deck, footwalks at

deck level, and permanent track with all permanent fastenings in place, except

specially fabricated track rails, special rail joints and rail locks; also sheet metal or

other track coverings and fire stops.

Unless otherwise specified in the invitation to bid, the company will furnish

all of these materials and their fastenings f.o.b. bridge site, ready for installation,

and the contractor shall unload, place and fasten same for the unit price per linear

foot under this class.

When specified in the invitation to bid, the contractor shall furnish to the

railroad distribution of charges for material and construction covered by this item

in accordance with Interstate Commerce Commission requirements.

Class 15, Miscellaneous Lumber—Any lumber not allocated to another class

by the foregoing definitions, together with nails, bolts and other fastenings. Meas-

urement of lumber shall be based on nominal sizes for the lengths in place.

Class 16, Communication Facilities—Radio, telephone and any other com-

munication facilities, including wiring therefor.

Class 17, Elevators—The complete elevator system including cars, gates, motors

and other operating machinery, guide rails and shoes, counterweights, buffers, hoist-

ing cables, governors or other speed control devices and wiring.

Class 18, Removals—Any and all parts of the existing structure required to be

removed.

Class 19, Salvage Credits—The value of any components becoming the property

of the contractor.

6.1.15 Optional Requirements

(a) Whenever hereafter optional requirements are stated, the determination

shall be made by the engineer, and shall be indicated in the invitation to bid if

bidders are to prepare plans or on the plans prepared by the company which

accompany the invitation to bid.

6.1.16 Guarantees

(a) Defects. If any defects due to faulty workmanship or erection, or defective

material, or design for which the contractor is responsible, are found within one

year after the date of final acceptance of the structure, the contractor shall

remedy such defects at his own expense. The company will notify the contractor,

in writing, of any defects. If the contractor does not remedy such defects within

15 days, the company may remedy same at the contractor's expense.
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(b) Machinery, Etc. Machinery and electrical or other similar equipment which

are the usual manufactured types such as diesel engines, electric motors, speed

reducers, electrical apparatus, etc., shall be tested for the specified requirements to

the satisfaction of the engineer, and shall be fully guaranteed by the contractor to

fulfill these requirements for one year from date of final acceptance of the structure.

6.2 GENERAL FEATURES OF DESIGN

6.2.1 Material

(a) Structural materials used for machinery parts or assemblies shall meet the

requirements of Art. 1.2.1 and of Art. 2.2.1.

(b) The materials used in machinery and similar parts, as described in Art.

6.2.11, shall conform to the requirements of the ASTM Specifications designated

in the book of standards current at the time proposals for the work are received.

Structural Steel A 36

Rolled Steel A 306 Grade 75

Cast Steel A 27 Grade 65-35

Forged Carbon Steel A 235 Class E

Forged Alloy Steel A 237 Class A

Hardened Steel A 235 Class G
Cast Iron A 48 Class 25

Bronze B 22 Alloy D
Babbitt Metal B 23 Grade No. 2

(c) The above materials are of the minimum quality that shall be used for

stress-carrying machinery parts, and the appropriate basic allowable unit stresses

therefor are specified in Art. 6.4.2. Any other material of the strength and durability

required for its intended use may be specified by the company.

(d) When testing of materials, in addition to those required by the ASTM
Specifications, is considered necessary by the engineer, such additional tests shall

be specified by the company.

6.2.2. Types of Bridges

(a) Movable bridges preferably shall be of the following types:

1. Swing.

2. Single leaf bascule.

3. Vertical lift.

(b) The proposal drawings will show, or the engineer will designate, the

following

:

1. The type of movable bridge.

2. For swing bridges, the type of center.

3. For bascule bridges, the type of bascule.

4. For vertical-lift bridges, the type of tower, the location of the prime

mover or movers, and the provisions for keeping the moving span level.

5. The system of emergency operation, if any, and the standby power system,

if any.

(c) Pin-connected trusses shall not be used.
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6.2.3 Counterweights

(a) As nearly as practicable the counterweights shall be sufficient to balance

the movable span and its attachments in any position, except that there shall be
small positive reactions at the supports when the bridge is seated. For vertical lift

bridges having a vertical movement exceeding 40 ft, the counterweight ropes shall

be balanced by chains or other devices unless otherwise specified.

(b) Provision shall be made for unbalanced conditions in the design of the

machinery and the power equipment.

(c) Provision shall be made for independent supports for the counterweights

of vertical-lift bridges for the purpose of replacing counterweight ropes.

6.2.4 Aligning and Locking

(a) Movable bridges shall be equipped with suitable mechanisms to surface

and align the bridge and track accurately and to fasten them securely in position

so that they cannot be displaced either horizontally or vertically under the action

of traffic. Effective end wedges shall be used for swing bridges, and span locks for

bascule and vertical-lift bridges.

(b) Span locks on movable bridges shall be designed so that they cannot be

locked unless the movable parts are within J£ inch of proper position.

(c) The operating mechanisms of end lifts and rail locks shall be independent.

(d) The installation shall meet the applicable requirements of the Office of

Safety, Federal Railroad Administration, Department of Transportation.

(e) For swing and vertical lift bridges, normally left in the open position,

span locks shall be provided to hold the span in the fully opened position.

6.2.5 Emergency Operation

(a) Power-operated bridges shall be provided with a means of emergency

operation in the event of failure of the normal drive or its controls. The prime

mover for emergency operation may be an electric motor, internal-combustion

engine, air motor, or manual drive, as specified by the company. When electric

motors are used, emergency motors and their associated motor control equipment

shall be pro\ided, separate and independent of those used in conjunction with

normal operation.

(b) Emergency operation of auxiliary devices such as span locks, rail locks

and derails shall preferably be manual.

6.2.6 Standby Power

(a) When the regular power source for electric operation of a movable bridge

is not reliable, standby electric power shall be provided either from an independent

primary source or from an engine-generator set. When emergency operation of the

movable span is by internal combustion engine, air motor, or manual drive, standby

electric power need not be provided, except as necessary for the operation of

navigation and other warning signals.

6.2.7 Interlocking

(a) The bridge operating devices shall permit interlocking with the signal

system and shall be so designed that Communication and Signal Section, AAR, in-

terlocking apparatus may be used. They shall be so interlocked with each other
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that the operations, both for opening and closing the bridge, must be performed

in predetermined order, and so that the movable span, tracks, and switches within

interlocking limits are locked in proper position.

6.2.8 Insulation of Track

(a) The connections of parts in contact with the track shall be such as to pre-

vent all possibility of short circuiting of signal or other circuits.

6.2.9 Houses for Machinery, Operators, Electrical Equipment and Signal Devices

(a) If mechanical power is to be used for operating the bridge, a house or

houses shall be provided for the machinery, the operators, the electrical equipment

including engine-generator sets, and signal devices. Houses shall be large enough

for easy access to all machinery and apparatus to facilitate inspection, maintenance

and repair. Houses shall be weather-tight and shall be constructed of non-

combustible materials. Machinery rooms and rooms containing electrical apparatus

shall preferably be heated to maintain the temperature above 50°F. Where climatic

conditions warrant, the operator's room shall be heated to maintain winter tempera-

ture above 70°F, and shall be air-conditioned to maintain summer temperature

below 80°F. All windows shall be glazed with safety glass and movable sash shall

be screened. At least one opening shall be provided to permit passage of the largest

unit of machinery or apparatus.

(b) The floor shall be of concrete, steel, or other non-combustible material,

as specified. It shall be smoke-tight and have a non-slip surface. Floors in operator's

houses shall be insulated if exposed to the weather. Floors in rooms containing

electrical equipment such as control panels and control consoles shall be covered

with linoleum, asphalt tile, or rubber mats on areas surrounding such electrical

equipment.

(c) If the bridge is hand-operated, or if the operator is not located in the

machinery house, an operator's house shall be provided. The type of construction

shall be the same as that specified for the machinery house, except that for hand-

operated bridges with the house located off the bridge structure, non-combustible

construction will not be required.

(d) If practicable, the operator's house shall be located so as to afford a clear

view of operations on the railway and on the waterway.

(e) Provision shall be made for the comfort conditioning system to be installed

in the operator's house by the company or by the contractor, as may be specified.

(f) If stipulated, a hand-operated overhead traveling crane, of sufficient ca-

pacity for handling the heaviest piece of machinery, shall be installed in the ma-

chinery house.

6.2.10 Stairways, Walks, and Elevators

(a) Metal stairways, platforms, and walks with railings shall be provided to

give safe access to the operator's house, machinery, trunnions, counterweights,

navigation lights, bridge seats, and all points requiring lubrication. Ladders may
be installed only where stairways are not feasible, and shall be provided with safety

cages where required by codes. For vertical-lift bridges, ladders and walks shall

be installed to give access to the moving span in any position from either tower.

Hand railings shall be made of galvanized copper-bearing steel, or other rust-resistant
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metal pipe, not less than lX-inch size, or of structural shapes. Stairways and ladders
shall be of metal. The treads may be channels filled with concrete.

(b) On all tower-drive vertical-lift bridges an elevator shall be provided in

each tower to carry personnel and maintenance equipment between the track levels

or the operator's house and the machinery houses at the tops of the towers. Inter-

mediate stops may be provided when stipulated by the company.

(c) The elevator cars shall be fully enclosed with solid sides and roof. They
shall have a net floor area of not less than 12 sq ft and a capacity of not less than

1,200 lb.

(d) Elevators shall be power operated, with single automatic control permitting

the car to be called from a station at any landing and sent to any landing from the

car station.

(e) Elevators shall meet the requirements for passenger elevators of the ANSI
Safety Code for Elevators, Escalators and Dumbwaiters, and of applicable local

codes.

6.2.11 Materials for Machinery and Similar Parts

(a) Materials in machinery and similar parts shall be as follows:

1. Rolled Steel or Forged Steel—For trunnions, shafts, axles, bolts, nuts, keys,

cotters, pins, screws, worms, piston rods, equalizing levers, and crane hooks.

Trunnions, shafts and axles up to 6 inches in diameter may be either rolled or

forged; those of larger diameter shall be forged. Shafts larger than 3X inches in

diameter shall not be cold finished.

2. Rolled Steel, Forged Steel, or Cast Steel—For rim, segmental, and track

girder threads and rollers.

3. Forged Steel or Cast Steel—For levers, cranks, and connecting rods.

4. Forged Steel—For pinions and rope attachments.

5. Cast Steel—For pivot stands, couplings, wedges, wedge beatings, toggles,

trailing wheels, end shoes,, pedestals, pistons and their cylinders, buffers, eccentrics,

valves, spools, winding drums, racks, tracks, gears, brake wheels, clutches, lock

castings, trunnion bearings, shaft bearings and hangers, and sheaves for vertical lift

bridges.

6. Hardened Steel—For parts which require hardening or oil tempering, such

as phots, friction rollers, ball and roller bearings, and springs.

7. Bronze—For phot disks, worm wheels, linings of the trunnion bearings of

bascule and lift bridges, linings of other large bearings carrying heavy loads, and

such gears and nuts as are required to be of bronze.

8. Bronze or Babbitt Metal—For the linings of journal bearings and of other

rotating or sliding parts.

9. Weldments—Welded assemblies of structural steel or of structural steel and

cast steel may be employed instead of cast steel for such parts as may be specified

in the invitation or approved by the engineer. Such weldments shall conform in all

respects to the requirements for welded construction included under Parts I, 2 and

3 of these specifications. When such weldments are used as components of the mov-

ing machinery, they shall be stress-relieved before machining.



268 Bulletin 645—American Railway Engineering Association

10. Cast Iron—Cast iron may be used only for the parts of motors, engines,

and standard manufactured articles that are usually made of cast iron, for balance

chains for vertical-lift bridges, and for counterweights.

6.2.12 Rail Ends

(a) Rails at the ends of movable spans shall be mitered or cut square. Mitered

rails shall retain the full thickness of the web to the points. The points shall be

trailing to normal traffic where possible; otherwise they shall be trailing to traffic

entering the moving span.

(b) Where rail ends are cut square, they shall be connected by sliding sleeve

or joints bars, or by easer rails to carry the wheels over the opening between the

ends of the bridge and approach rails.

(c) Where rail ends are mitered, they shall be provided with seats that will

secure them effectively against transverse displacement, and with devices that will

bring the mitered surfaces nearly into contact and hold them in such position.

6.3 LOADS AND STRESSES

6.3.1 Live Load

(a) The live load shall be as specified in Art. 1.3.3. For continuous spans

the application of the live load shall be as specified in Art. 5.2.2(c).

6.3.2 Impact

(a) Except as modified in this Article, the impact from live load shall be as

specified in Art. 1.3.5. For continuous spans, the impact shall be determined as

specified in Art. 5.2.5.

(b) Dead-load stresses in structural parts in which the stress varies with the

movement of the span (as in the case of a bascule), or in parts which move or

support moving parts (as in the case of swing span trusses, vertical lift bridge

trusses and towers, and supports for bascule trunnions), shall be increased 20 per-

cent to allow for impact or vibratory effect. This impact allowance shall not be

combined with live load stresses.

(c) Stresses in structural parts caused by machinery or by forces applied for

moving or stopping the span shall be increased 100 percent as an allowance for

impact.

(d) The end floorbeams of the moving span and the adjacent floorbeams of

the fixed spans shall be proportioned for a concentrated load on each track of 1.25

times the maximum weight on one axle of the specified live load, without impact,

in addition to the specified live load and impact.

(e) Allowance has been made for impact in trunnions, wire ropes, wire rope

attachments, and machinery parts in the basic allowable unit stresses specified

herein for such parts.

6.3.3 End Ties

(a) The ties which support the rail joint shoes at the ends of the moving

span and at the adjacent ends of the fixed spans shall be supported throughout

their length, so that they will not be subjected to bending. The supports for these

ties, if other than end floorbeams, shall be proportioned for a concentrated total

live plus impact load on each track of 2.75 times the heaviest axle load of the

specified live load series.
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6.3.4 Fatigue

(a) In addition to the requirements of Art. 1.3.13 or Art. 2.3.1 which deter-

mine the allowable unit stresses to be applied to the design of structural members

and connections in which the stress includes the effect of live load, the allowable

unit stresses to be applied to the design of structural members and connections in

which the design stress is affected by the movement of the span shall be determined

by the appropriate formulas for Case II of Art. 1.3.13 or Art. 2.3.1.

6.3.5 Wind Load and Ice Load

(a) In proportioning the members and determining the stability of swing,

bascule, and vertical-lift spans, and their towers, wind loads shall be assumed acting

either transversely, longitudinally, or diagonally at an angle of 45 deg with the

bridge tangent. Exposed areas for transverse wind loads on the spans shall be deter-

mined as provided in Art. 1.3.7 (a). Exposed areas for longitudinal wind loads

on the spans shall be taken as % those for transverse wind, except for bascule

bridges for spans when open where they shall be modified as specified below for

loads acting normal to the floor. Exposed areas for transverse and longitudinal wind

loads on houses and counterweights shall be their vertical projections. Exposed

areas for transverse and longitudinal wind loads on towers and their bracing shall

be the vertical projections of all columns and bracing not shielded by the counter-

weights and houses. For diagonal wind, the equivalent simultaneous transverse and

longitudinal wind loads shall be taken as 70 percent of the values for winds acting

transversely and longitudinally, respectively.

(b) The following wind loads and unit stresses shall be used in proportioning

the members and determining the stability:

1. Movable Span Closed:

Structure to be considered a fixed span insofar as lateral loads and in-

creased allowable unit stresses are concerned. (See Art. 1.3.7, Art. 1.3.8

and Art. 1.3.14.3 (b).)

2. Movable Span Open:

When the movable span is normally left in the closed position, 30 lb per

sq ft on the structure, combined with dead load, and 20 percent of dead

load to allow for impact, at 1.25 times normal allowable unit stresses. For

swing bridges provision shall also be made for 30 lb per sq ft on one arm

and 20 lb per sq ft on the other arm.

When the movable span is normally left in the open position, 50 lb per

sq ft on the structure, combined with dead load, at 1.33 times normal

allowable unit stresses. For swing bridges provision shall also be made

for 50 lb per sq ft on one arm and 35 lb per sq ft on the other arm, ap-

plied simultaneously.

(c) For open-deck bridges, the area exposed to ice and to wind acting norma]

to the floor shall be taken at 85 percent of the area of a quadrilateral whose width

is the distance center to center of the trusses and whose length is that of the span.

For bridges with solid floors, or with footwalks, the actual exposed floor surface

shall be used.

6.3.6 Power Requirements and Machinery Design

(a) The machinery shall be proportioned and power provided to move the

span under the following conditions:
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Condition A.

1. Bascule bridges and vertical lift bridges against frictional resistances,

rope bending, unbalanced conditions (Art. 6.2.3), inertia, and a wind

load of 2^2 lb per sq ft on the area specified in Art. 6.3.5, acting normal

to die floor. For vertical-lift spans, this wind load shall be considered

to include frictional resistances from span and counterweight guides

caused by horizontal wind on the moving span.

2. Swing bridges against frictional resistances, inertia, and a wind load

of 2M lb per sq ft on the vertical projection of one arm.

Condition B.

Bascule bridges and vertical lift bridges with an ice load of 2/2 lb per

sq ft on the area specified in Art. 6.3.5, in addition to the loads specified

in A.

Condition C.

Bascule bridges and swing bridges against frictional resistances, unbalanced

conditions (Art. 6.2.3), inertia, a wind load of 10 lb per sq ft on any

vertical projection of the open bridge, and an ice load of 2% lb per sq ft

on the area specified in Art. 6.3.5. For swing bridges provision shall also

be made for a wind load of 10 lb per sq ft on one arm and 5 lb per

sq ft on the other arm.

(b) The normal operating time for opening or closing the moving span shall

be computed under Condition A above. The operating time under Condition B shall

not be more than 1.50 times the normal operating time. The operating time under

Condition C shall not be more dian twice the normal operating time.

(c) The maximum bridge-starting torque shall be determined under Condition

C using the friction coefficient for starting and neglecting inertia.

(d) If the excess of starting torque from the prime mover over the torque of

Condition C is not sufficient to accelerate the span, the size of die prime mover

shall be increased. This will usually occur only on swing bridges.

(e) When the movable span is normally left in the closed position, the ma-

chinery for bascule and swing bridges shall also be proportioned to hold the span

in the fully open position against a wind load of 20 lb per sq ft on any vertical

projection of the open bridge. For swing bridges, normally left in the closed posi-

tion, provision shall be made for a wind load of 20 lb per sq ft on one arm and 25

lb per sq ft on the other arm. In proportioning the machinery for these conditions,

1.5 times the normal unit stresses may be used.

(f) When the moving span is normally left in the open position, the machin-

ery for bascule and swing bridges shall also be proportioned to hold the span in

the fully open position against the wind loads specified in Art. 6.3.5 (b) 2. If

desired, the machinery may be proportioned as specified in the preceding paragraph

and the difference between the wind loads specified in Art. 6.3.5 (b) 2, and those

specified in the preceding paragraph shall then be cared for by separate holding

devices. In proportioning the machinery for these conditions, 1.5 times the normal

unit stresses shall be used.

6.3.7 Machinery Resistances

( a ) In calculating the resistances to be overcome by the machinery, the resist-

ing forces shall be reduced to a single force acting between the pinion and the
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operating rack, or in the operating cable. In determining this force, the following

coefficients shall be used.

For For
For trunnion friction: Starting Motion

1. Sliding bearings, one or more complete rotations 0.135 0.09
2. Sliding bearings, less than one complete rotation 0.18 0.12
3. Roller bearings 0.004 0.003

For manually-operated bridges, the coefficients for motion
given above shall be increased 25 percent

For friction on center disks 0.15 0.10
For rolling friction of bridges having rollers with flanges, or

built-up segmental girders 0.009 0.006

For collar friction at ends of conical rollers 0.15 0.10

For 180-deg bending of wire ropes, for each sheave, the coefficient

of direct tension in rope ®^~1T ^"d"
where d = diameter of rope in inches,

D = diameter of sheave in inches.

0.008 0.008
For rolling friction of solid rollers without flanges ==~~ =

—

V / V /

where r = radius of roller in inches.

(b) In designing the machinery for holding the span against the wind pres-

sure specified in Art. 6.3.6, and for determining the required capacity of the brakes

both for holding the span against the wind pressure and for stopping the span

when in motion, 0.4 of the above mentioned coefficients for motion shall be used.

Rope stiffness, solid roller friction, and machinery friction shall be disregarded. In

determining the effect of the brakes on the machinery while stopping the span,

full machinery friction shall be considered as effective.

(c) For sliding friction between plane surfaces intermittently lubricated, the

coefficient of friction shall be taken as 0.08.

6.3.8 Machinery Losses

(a) In computing the machinery losses between the operating rack, or the

operating rope, or a similar point, and a prime mover, the following coefficients

shall be used:

For journal friction 0.05

For efficiency of any pair of gears, journal friction not included:

Spur gears and helical gears 0.98

Bevel gears, collar friction included 0.90

Np
For efficiency of worm gearing, collar friction not included -^— „

where N = number of threads of lead of worm
p = circular pitch of teeth on wheel, and

R = radius of worm.

6.3.9 Brakes, and Machinery Design for Braking Forces

(a) Bridges operated only manually shall be provided with one set of brakes.

(b) Mechanically operated bridges, except as otherwise specified by the engi-

neer, shall be provided with two sets of brakes. One set, called the motor brakes,

and consisting of one or two brakes, shall be on the motor shaft or extension, or if

the prime mover is other than an electric motor, as near the shaft of the prime



272 Bulletin 645—American Railway Engineering Association

mover as practicable, and the other set, called the machinery brakes, shall be as

near the operating ropes or racks as practicable.

(c) Where only one set of brakes is provided for manually operated bridges,

the brakes shall have sufficient capacity to stop the span in 10 sec when it is moving

under the influence of the unbalanced loads specified in Art. 6.3.6 (a), and to hold

the span against the wind pressure specified in Art. 6.3.6 (e) and (f).

(d) Where two sets of brakes are provided, they shall have the following

capacities:

1. The motor brakes shall have sufficient capacity to stop the span in 10

sec when it is moving under the influence of the greatest unbalanced loads

specified for Condition A of Art. 6.3.6 (a) for swing bridges, and Condition

B of the same article for bascule and vertical-lift bridges.

2. The machinery brakes for vertical-lift bridges shall have a capacity, as

measured at the shafts of the motor brakes, equal to % that of the motor

brakes. The machinery brakes for bascule bridges and swing bridges shall

be such that the combined motor and machinery brakes will have sufficient

capacity to stop the span in 10 sec when it is moving at Condition A speed

under the influence of the greatest unbalanced loads specified in Art. 6.3.6

(a); and to hold the span against the wind pressure specified in Art. 6.3.6 (e)

and (f).

(e) If specified by the engineer, three separate brakes, all of equal torque

as measured at the motor output shaft, may be used to prevent loss of more than

one-third the braking force in case of failure of any one brake. The three brakes

shall be electrically operated, controlled, interlocked and set to be applied in de-

layed sequence. Combined retarding torque for the No. 1 and No. 2 brakes shall be

as specified in (d) 1. Retarding torque for No. 3 brake shall be as specified in (d)

2. Two of the brakes shall be located as close to the final drive as practicable; such

as on the input shafts of the main reducer unit. The third brake shall be preferably

so located and supported as to permit utilization of the brake with either the main

or auxiliary motors removed.

(f) The coefficient of friction for braking shall be taken as 0.25. If practicable,

the pressure per square inch on the rubbing surface of the brake shall not exceed

30 lb, and the product of the pressure per square inch on the rubbing surface

times the velocity of the brake wheel rim in feet per minute shall not exceed 90,000.

(g) Machinery, including operating ropes, shall be designed at normal allow-

able unit stresses for the machinery brake on any two brakes of the three brake

system acting. When both motor and machinery brakes are applied simultaneously

an overload stress of 1.5 times die normal allowable unit stresses shall be permitted.

(h) For calculating the strength of the machinery parts under the action of

manually-operated brakes, the force applied at the extreme end of a hand lever

shall be assumed at 150 lb and the force applied on a foot pedal shall be assumed

at 200 lb. Under this condition, 1.50 times the normal allowable unit stresses may
be used.

6.3.10 Machinery Design

(a) The machinery for moving the span shall be designed at normal allowable

unit stresses for the following percentages of full-load rated torque of the prime

mover, the speed corresponding to normal operating time:
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Electric motors 150 percent

Internal combustion engines 100 percent

(b) For manual operation, the machinery shall be designed as specified in

Art. 6.7.2.

(c) The machinery shall also be designed for the braking forces, and at the

unit stresses, specified in Arts. 6.3.6 and 6.3.9.

6.3.11 Machinery Supports

(a) Structural parts subject to stresses from machinery forces or from forces

applied for moving or stopping the span, shall be proportioned for stiffness. Beams

subject to such stresses shall preferably have a depth not less than )k of the span;

and if shallower beams are used, the section shall be increased so that the deflection

will not be greater than if the above limiting depth had not been exceeded. De-

flections shall be investigated sufficiently to insure that they will not affect proper

machinery operation.

6.3.12 Anchorage

(a) Anchor bolts or other anchorages that take uplift shall be designed at nor-

mal unit stresses to carry and engage a mass of masonry the weight of which is

at least 1/2 times the uplift. Nuts or other fastenings shall be tightened to an initial

tension equal to at least 1.50 times the uplift.

6.3.13 Special for Swing Bridges

6.3.13.1 Stress combinations

(a) The stresses in trusses or girders of swing bridges continuous on three

or four supports shall be calculated for the bridge in the following conditions:

Condition 1—Bridge open, or closed with ends just touching.

Condition 2—Bridge closed with ends lifted.

(b) The computation of stresses shall be divided into the following cases:

Case I—Condition 1, dead load.

Case II—Condition 2, dead load, ends lifted to give positive reaction equal

to the maximum negative reaction of the live load and impact plus 50

percent of their sum.

Case III—Condition 1, live load plus impact on one arm as a simple span.

Case IV—Condition 2, live load plus impact on one arm, bridge as a con-

tinuous structure.

Case V—Condition 2, live load plus impact on both arms, bridge as a con-

tinuous structure.

(c) The following combinations of these cases shall be used in determining

the maximum stresses:

Case I alone, plus 20 percent.

Case I with Case III.

Case I with Case V
Case II with Case IV.

Case II with Case V

(d) The stress sheet shall show the stresses in the different members of each

of the foregoing cases, together with the combinations which give the greatest

positive and negative stresses in each member.
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6.3.13.2 End-wedge and Center-wedge Reactions

(a) The end wedges, or equivalent devices, shall lift the ends of the swing

bridge an amount sufficient to produce a positive reaction at either end equal to 1.5

times the maximum negative reaction at that end due to live load and impact.

(b) The end lifting machinery shall be proportioned to exert a lifting force

equal to the greater of:

(1) The lifting force stipulated in (a) above plus the reaction due to

a temperature difference of 20° F between the top and bottom chords of truss

spans or of 15° F between the top and bottom flanges of girder spans, or,

(2) The lifting force required to raise the ends of the span % inch or

0.1% of one arm, whichever is greater.

(c) End wedges and their supports shall be designed for the maximum posi-

tive reaction including live load, impact and temperature differential.

(d) Center wedges shall be designed for the maximum live load plus impact

reaction.

6.3.13.3 Rollers

(a) The rollers of rim bearing or combined rim and center bearing swing

bridges shall be proportioned for the dead load stresses when the bridge is swinging,

and for the dead and live load and impact stresses when the bridge is closed.

(b) In computing the load on the rollers, the rim girder shall be considered

as distributing the load uniformly over a distance equal to twice the depth of the

girder out to out of flanges. This distance shall be taken as symmetrical about the

vertical through the point of application of the concentrated load.

6.3.13.4 End-wedge and Center-wedge Machinery

(a) In designing the machinery for the end wedges and center wedges of

swing bridges the requirements specified for the machinery for driving the moving

span shall apply.

6.3.14 Special for Bascule Bridges

6.3.14.1 Stress combinations

(a) The stresses in trusses or girders of bascule bridges shall be calculated

for the bridge in the following conditions:

Condition 1—Bridge open in any position.

Condition 2—Bridge closed.

Condition 3—Bridge closed, with counterweights independently supported.

(b) The computation of stresses shall be divided into the following cases:

Case I—Condition 1, dead load.

Case II—Condition 2, dead load.

Case III—Condition 3, dead load.

Case IV—Condition 2 or 3, live load plus impact.

(c) The following combinations of these cases shall be used in determining

the maximum stresses:

Case I alone, plus 20 percent.

Case II with Case IV.

Case III with Case IV.
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(d) The stress sheet shall show the stresses in the different members for each

of the foregoing cases, together with the combinations which give the greatest

positive and negative stresses in each member.
(e) In the proportioning of members, unit stresses 25 percent greater than the

basic allowable unit stresses may be used for the combination of Case III with Case
IV. Members subject to reversal of stress under this combination of cases or in

consideration of this combination with any other combination shall be proportioned

for the maximum tensile and compressive stresses without consideration of fatigue.

6.3.15 Special for Vertical Lift Bridges

6.3.15.1 Stress combinations

(a) The stresses in trusses or girders of vertical-lift bridges shall be calculated

for the bridge in the following conditions:

Condition 1—Bridge open.

Condition 2—Bridge closed.

Condition 3—Bridge closed, with counterweights independently supported.

(b) The computation of stresses shall be divided into the following cases:

Case I—Condition 1, dead load.

Case II—Condition 2, dead load.

Case III—Condition 3, dead load.

Case IV—Condition 2 or 3, live load plus impact.

(c) The following combinations of these cases shall be used in determining

the maximum stresses:

Case I alone, plus 20 percent

Case II with Case IV.

Case III with Case IV.

(d) The stress sheet shall show the stresses in the different members for each

of the foregoing cases, together with the combinations which give the greatest posi-

tive and negative stresses in each member.

(e) In the proportioning of members, unit stresses 25 percent greater than

the normal allowable unit stresses may be used for the combination of Case III

with Case IV. Members subject to reversal of stress under this combination of cases

or in consideration of this combination with any other combination shall be propor-

tioned for the maximum tensile and compressive stresses without consideration of

fatigue.

6.3.15.2 Wire ropes

(a) The total unit tension in counterweight ropes shall not exceed 2/9 of the

specified unit ultimate strength of the rope, nor shall the unit tension from the direct

load only exceed Ys of the specified ultimate strength. For operating ropes, the

corresponding limits shall be 3/10 and 1/6.

6.3.15.3 Bending stress and permissible load over sheave

(a) If a wire rope is bent over a sheave, the bending stress and allowable

load on the rope shall be calculated as follows:

Let P= permissible load on rope, in pounds.

K e= unit stress due to bending in extreme fiber of largest individual wire.

E = modulus of elasticity of the wire = 29,000,000 psi
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a — cross-sectional area of rope in square inches.

d= diameter of outer wire in inches.

D = diameter of sheave, center to center of rope, in inches ( See Art.

6.3.15.4)

S = greatest unit tension allowable.

L = angle of helical wire with axis of strand.

B= angle of helical strand with axis of rope.

c = diameter of rope.

m , _ 0.8 Ed cos
2L cos"B

Then K— ^ 1.

?= a _8
EdcorLcos"-B \ =a /

s _ 0.7Ed
%

(
a n Ed cosrL cos2B \ / „ 0.7 Ed \S-0.8 ^ ) = a(S —).

For rope having 6 strands of 19 main wires each (6 x 25 filler wire con-

struction) and assuming d = —---

_ / c 1,300,000c \ _

Values of P shall not exceed the values in Art. 6.3.15.2.

6.3.15.4 Small sheave over short arc

(a) If a rope is in contact with a small sheave over a short arc (50 deg or

less), the actual radius of curvature of the rope may be greater than that of the

sheave.

Let R = the actual radius of curvature of the rope.

= the angle between the directions of the rope.

W = pull on individual wire ( equals P divided by the number of wires

if all wires are of equal diameters).

4.25 sin
2

(b) If R is greater than the radius of the sheave, 2R should be used in place

of D in formulas 1., 2. and 3. of Art. 6.3.15.3.

6.4 BASIC ALLOWABLE UNIT STRESSES

6.4.1 Structural Parts

(a) Structural parts shall be proportioned by the requirements of Part 1 and
Part 2.

6.4.2 Machinery Parts

(a) The following allowable unit stresses in pounds per square inch shall be

used for machinery and similar parts:
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Fixed
Material Tension Compression Bearing Shear

Structural Carbon Steel, ASTM A 36 . . 12,000 12,000—55— 16,000 6,000
r

Forged Carbon Steel, ASTM A 235,

Class E, Except for Keys 15,000 15,000—65— 18,000 7,500

Forged Carbon Steel, ASTM A 235,

Class E, for Keys 15,000 7,500

Forged Alloy Steel, ASTM A 237. Class

A 16,000 16,000—70— 21,000 8,000

Rolled Steel 15,000 15,000—65

—

7,500
r

Cast Steel, ASTM A 27, Grade 65-35 . . 9,000 10,000—45— 13,000 5,000
r

Cast Iron, ASTM A 48, Class 25 2,000 10,000° ° For struts whose

— is 20 or less,
r

Bronze, ASTM B 22, Alloy D 7,000 7,000

where I is the unsupported length of the member
and r is the least radius of gyration

(b) The following allowable bending unit stresses in pounds per square inch

shall be used for trunnions:

Rotation More Rotation 90 Fixed

Than 180 Deg Deg or Less Trunnions

ASTM A 235, Class E forged carbon steel . 15,000 15,000 17,000

ASTM A 237, Class A forged alloy steel . . 16,000 20,000 22,000

(c) For stresses in rotating parts, and in frames, pedestals, and other units

ivhieh support rotating parts, the computed stresses shall be multiplied by the impact

factor K.

K= 1.0 for trunnions and for counterweight sheaves and their shafts.

K=1.0 + 0.03 \'n for other parts where n = rpm of rotating part.

(d) All of the unit stresses specified in this article provide appropriate safety-

factors against static failure and against failure by fatigue with and without

reversal of stresses. In the determination of the safety factor against fatigue failure,

provision was made for stress-raisers which would produce local stress concentra-

tions of 140 percent of the computed stress. For trunnions and counterweight sheave

shafts, this provides for the customary- shoulders at the bearings having fillets of

reasonable radius; for gear arms it provides for the increase in stress near the hub;

for integral shafts and pinions it provides for the increase in stress at the faces

of the pinion; and for keyways it provides for one or two keys 120 deg apart, each

having a width not more than Vi and a depth not more than % the shaft diameter. In

the absence of keyways or other stress-raisers in a shaft, the allowable unit stress

for torsion and flexure in a shaft may be increased 20 percent.
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6.4.3 Bearing Pressures

(a) The allowable bearing pressures on the diametral projected area, in pounds

per square inch, for rotating and sliding surfaces shall be as follows:

1. For intermittent motion and for speeds not exceeding 50 ft per min:

Pivots of swing bridges, hardened steel on ASTM B 22, Alloy A
bronze disks 3,000

Pivots of swing bridges, hardened steel on ASTM B 22, Alloy B
bronze disks 2,500

Trunnion bearings and counterweight sheave bearings, rolled or

forged steel on ASTM B 22, Alloy B bronze:
For loads while in motion 1,500
For loads while at rest 2,000

Shaft journals, rolled or forged steel on ASTM B 22, Alloy C bronze 1,000
Wedges, cast steel on cast steel or structural steel 1,500
Acme screws which transmit motion, rolled or forged steel on ASTM
B 22, Alloy D bronze 1,500

2. For speeds exceeding 50 ft per min:

Shaft journals, rolled or forged steel, on ASTM B 22, Alloy C bronze 600
Shaft journals, rolled or forged steel on babbitt metal 400
Shaft journals, rolled or forged steel on cast iron 400
Thrust collars, rolled or forged steel on ASTM B 22, Alloy C bronze 200
Cross-head slides ( speed not exceeding 600 ft per min ) 50
Step bearing for vertical shafts

Hardened steel shaft end on ASTM B 22, Alloy B bronze 1,200

Hardened steel shaft end on ASTM B 22, Alloy C bronze 600

(b) The allowable bearing for the various bearings named in paragraph (a)

2 above also shall not exceed those specified in Art. 6.4.4.

(c) For slow-moving journals, as on trunnions, counterweight and deflector

sheave bearings, and on operating drum bearings, the bearing area shall be taken as

the net area, the effective areas of oil grooves being deducted from the gross

bearing area.

(d) For crank pins and similar joints with alternating application and release

of pressure, the bearing values given above may be doubled.

6.4.4 Heating and Seizing

(a) To avoid heating and seizing at high speeds, the bearing pressures on

shaft journals, step bearings for vertical shafts, thrust collars, and Acme thread

power screws shall not exceed:

250,000

nd
60,000

1. Shaft journals, rolled or forged steel on bronze p =

2. Step bearings, hardened steel on bronze p =
nd

50,000
3. Thrust collars, rolled or forged steel on bronze p =

nd

4. Acme screws, rolled or forged steel on bronze p = h

—

where p = pressure in pounds per square inch of projected area.

n = number of revolutions per minute.

d — diameter of journal or step bearing, or mean diameter of collar or

screw in inches.

(b) For crank pins and similar joints with alternating application and release

of pressure, the bearing values given by the foregoing formulas may be doubled.
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(c) Where pressures given by the foregoing formulas exceed those specified for

similar parts in Art. 6.4.3 the values in the latter article shall be used.

(d) The pressures given by the foregoing formulas shall not be exceeded under

the provisions of Art. 6.3.10.

6.4.5 Pressure on Rollers

(a) The maximum pressure in pounds per linear inch of rollers shall be:

Diameters Diameters From
For rollers in motion: Up to 25 Inches 25 to 125 Inches

'

F>
'

90 000

00
multiPlied b>

r 400d 2
'
000 V̂

For rollers at rest:

Fy ~ 1

n^0Q
multiplied by 600d 3,000 yfS

Where Fy := yield point of the material in psi.

d = diameter of roller in inches.

(b) The foregoing values are for rollers and bearing surfaces of the same

materials. If the rollers and bearing surfaces are of different materials, the lower

value of Fy shall be used.

(c) For rollers of trunnion and counterweight sheave roller bearings, the

maximum pressure in pounds per linear inch of roller shall be 3,000 d, where d is

the diameter of the roller in inches. One-fifth of the rollers shall be taken as effec-

tive in carrying the load.

6.4.6 Shafts

(a) Stresses in circular shafts, trunnions, and axles shall be determined by the

following formulas:

16Ks=-^=- vap+t3

irar

where / = unit extreme fiber stress in tension or compression.

S = unit shear.

d= diameter of shaft at the section considered.

M = simple bending moment computed for the distance center to

center of bearings.

T= simple torsional moment.

(b) For values of K and allowable unit stresses with and without keyways,

or other stress-raisers, see Art. 6.4.2.

6.4.7 Bolts in Tension

(a) Bolts in tension in machinery parts shall be designed by assuming the

effective areas of the threaded portion to be:

A= A»-(aX2D)
where A c= effective area of threaded portion in square inches.

An = net area at root of thread in square inches.

a = net area of M-inch bolt at root of thread in square inches.

D = nominal diameter of threaded portion in inches.
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(b) This formula takes account of the fact that the initial stress in a /2-inch

bolt, produced by screwing up the nut, frequently equals or exceeds the yield point

of the material.

(c) For ANSI coarse threads, this formula reduces to:

A= A n -4-D
4

6.5 GENERAL DETAILS

6.5.1 Fits and Surface Finishes

(a) The following fits and surface finishes for machinery parts shall be in

accordance with ANSI B4.1, Preferred Limits and Fits for Cylindrical Parts, and

ANSI B46.1, Surface Texture. Surface finishes are given as the roughness height

in microinches; if additional limits are required for waviness and lay, they shall be

specified by the engineer.

Part Fit Finish

Machinery base on steel — 250
Machinery base on masonry — 500
Shaft journals RC6 8
Journal bushing RC6 16
Split bushing in base LCI 125
Solid bushing in base (to H inch wall) FN1 63
Solid bushing in base (over ii inch wall) FN2 63
Hubs on shafts ( to 2 inch bore) FN2 32
Hubs on shafts ( over 2 inch bore ) FN2 63
Hubs on main trunnions FN3 63
Turned bolts in finished holes LC6 125
Sliding bearings RC6 32
Key and keyways FN2 63
Machinery parts in fixed contact — 125
Teeth of open spur gears:

Under 1 inch circular pitch 32
1 inch to 1% inch circular pitch 63
Over 1% inch circular pitch 125

The above fits for cylindrical parts shall also apply to the major dimensions

of non-cylindrical parts.

6.5.2 Rail End Connections

(a) Designs for rail end connections will be furnished by the engineer.

(b) If the connections are of the sliding-rail lock type, the ends of the bridge

rails shall be fixed, cut square, and connected with the approach rails by sliding

sleeves or joint bars, to carry the wheels over the openings between the rail ends.

The distance from the center of the track to the inside of the rail lock wheel tread

shall be not less than 2 ft 6 inches, and not more than 2 ft 6/2 inches, the heads of

the rails being planed off on the outside if necessary.

(c) If the connections are of the miter type, the two sections shall be held

positively in a transverse direction by guides, to prevent spreading at the miter

joint.

(d) Provisions shall be made so that the rail locks can be closed only when
the span is seated and the rail end sections properly engaged.

(e) The edges of all drilled holes in rail locks and in the rail ends adjacent

thereto shall be chamfered approximately 1/16 inch. All reentrant angles in these

appurtenances shall be filleted.
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6.5.3 Air Buffers

(a) Air buffers to aid in seating the movable span shall be provided as specified

in Arts. 6.5.35.4, 6.5.36.4, and 6.8.19.

(b) The inside diameter of the cylinder of the air buffer shall be not less

than 10 inches, and the travel of the piston not less than 24 inches.

(c) There shall be three cast iron packing rings for each piston.

(d) Each air buffer shall be provided with a needle valve and a check valve,

and these shall be suitable for sustaining for short intervals air pressures of 1000 psi

and temperatures of 800 F.

6.5.4 Counterweights

(a) Counterweights normally shall be of concrete, supported by a steel frame

or, preferably, inclosed in a steel box. Boxes shall be rigidly braced and stiffened

to prevent warping or bulging. All surfaces of the boxes in contact with the con-

crete shall be provided with open holes (about 1 sq inch to each 10 sq ft of sur-

face) to permit escape of water from the box as the concrete cures, or otherwise

a low-slump concrete shall be used and any excess water drawn off as the concrete

is placed. In the design of counterweight attachments, details which may produce

fatigue effects due to vibration of the structure shall be avoided.

(b) Concrete counterweights not inclosed in steel boxes shall be adequately

reinforced.

(c) Counterweights shall be made so as to be adjusted easily for variations in

the weight of the span and in the unit weight of the concrete. Usually this shall

be done by adding or taking off properly located cast iron or concrete balance

blocks. Pockets shall be provided in the counterweights to house the balance blocks

necessary to care for not less than 3/2 percent underrun and 5 percent overrun in

the weight of the span. Each completed counterweight shall contain not less than

1 percent of its weight in balance blocks, arranged so as to be readily removable

for future adjustment. Additional blocks for future adjustment in the amount of 0.5

percent of the weight of the counterweight shall also be provided and shall be

stored at the site as directed by the engineer. All balance blocks shall be firmly

held in place so that they will not move during the operation of the bridge. Bal-

ance blocks for future adjustment shall be provided with recessed handles or

recesses on the underside of the blocks for projecting handles and shall weigh not

more than 100 lb each. Balance blocks shall be furnished only as necessary to meet

the specified requirements for future adjustment and to secure the required balance

of the span and counterweights.

(d) Pockets in counterweights shall be provided with drain holes not less

than 2 inches in diameter. The pockets shall be covered. The cover, its fastenings

and frame shall be of metal. The cover shall be weatherproof.

6.5.5 Concrete

(a) Concrete, unless otherwise stipulated, shall conform to the requirements

of Chapter 8, shall be made with Type II cement, and shall be proportioned as

directed by the engineer, with not more than 6 gal of water per sack of cement.

Where heavy concrete is required for counterweights, the coarse aggregate shall be

trap rock, magnetic iron ore, or other heavy material, or the concrete may consist

of steel punchings or scrap metal, and mortar composed of 1 part of cement and 2

parts of fine aggregate. The maximum weight of heavy concrete shall be 315 lb
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per cu ft and preferably not more than 275 lb per cu ft. Heavy concrete shall be

placed in layers and consolidated with vibrators or tampers. Methods of mixing and

placing shall be such as to give close control of the unit weight of the concrete

and uniformity of unit weight throughout the mass. Counterweights containing

punchings or scrap metal or iron ore aggregates shall be inclosed in steel boxes.

(b) Concrete counterweights of the revolving type shall be poured continuously

if practicable.

(c) For ascertaining the weight of the concrete, test blocks having a volume

of not less than 4 cu ft for ordinary concrete, and 1 cu ft for heavy concrete, and

1 cut ft for the mortar for heavy concrete, shall be cast at least 30 days before

concreting is begun. Two test blocks of each kind shall be provided, and one

weighed immediately after casting and the other after it has seasoned.

6.5.6 Machinery in General

(a) Machinery shall be simple, and of substantial construction. The configura-

tion and arrangement of the components shall permit easy erection, adjustment,

inspection, lubrication, cleaning, painting, and replacement of worn or defective

parts.

(b) Fastenings shall be adequate to hold the parts in place under all condi-

tions of service. Mounting bolts shall be of such size that they may be preloaded

to not less than 150 percent of the maximum design load they will sustain in

operation.

(c) Wherever practicable, machinery units shall be assembled in inclosed rigid

housings or casings, or otherwise be shop assembled on rigid steel bases.

6.5.7 Journal Bearings

(a) Bearings shall be placed close to the points of loading and located so that

the unit bearing pressure will be as nearly uniform as possible.

(b) Journal bearings shall be of the split type with one half recessed into the

other half. The length of a bearing shall be not less than its diameter. The base

halves of bearings for gear trains and for mating gears and pinions shall be in one

piece. The caps of bearings shall be secured to the bases with turned bolts with

square heads recessed into the base and with double hexagonal nuts. The nuts shall

bear on finished bosses or spot-faced seats. Fits and finishes for caps and bolts shall

be as specified in Art. 6.5.1.

(c) Provision shall be made for the aligning of bearings during erection by

means of shims and for the adjustment of the caps by means of laminated liners or

other effective device.

(d) Large bearings shall be provided with effective means for cleaning widi-

out dismantling the parts.

6.5.8 Linings

(a) Journal bearings normally shall have bronze linings; for other lightly

loaded bearings the lining may be bronze or babbitt metal. For split bearings, the

lining shall be in halves and shall be provided with an effective device to prevent

its rotation under load. The force tending to cause rotation shall be taken as 1/16
of the maximum load on the bearing and as acting at the outer circumference of

the lining. There shall be Ji inch clearance between the lining of the cap and the

lining of the base into which laminated liners shall be placed. The inside longi-
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tudinal corners of both halves shall be rounded or chamfered, except for a distance

of % inch from each end or shaft fillet tangent point.

(b) Linings for solid bearings shall be in one piece and shall be pressed into

the bearing bore and effectively held against rotation.

6.5.9 Step Bearings

(a) The bearing ends of vertical shafts running in step bearings shall be of

hardened steel, and shall bear on bronze disks.

6.5.10 Roller Bearings for Heavy Loads

(a) Roller bearings shall be used, when so specified, to support the trunnions

of bascule bridges, the counterweight sheave shafts of vertical lift bridges, and

similar shafts earning heavy loads. Each roller bearing shall be of a type, or shall

be so mounted, that the deflection of the shaft will produce no overloading of any

part of the bearing or housing. The bearing rollers shall be relatively short for their

diameter, shall be closely spaced in bronze cages, and shall run between hardened-

steel races, mounted in the housing and on the shaft. The bearing mountings on

each shaft shall be such that the shaft will be restrained from axial movement by

one mounting, and shall be free to move in the other mounting.

(b) The ratio of length to diameter of any roller or roller segment shall not

exceed 3.25. For segmented rollers the ratio of total length of roller to diameter

shall not exceed 6.5.

(c) Cylindrical roller bearings shall be provided with anti-friction dirust bear-

ings capable of restraining an axial thrust equal to 15 percent of the total radial

load on the shaft or trunnion. Spherical or tapered roller bearings shall be propor-

tioned for an axial load equal to 15 percent of the total radial load on die shaft or

trunnion, combined with the radial load on the bearing.

(d) Each roller bearing shall be mounted in an oil- and water-tight steel

housing, which shall be provided with means for replenishing the lubricant and

arranged for convenient access for thorough cleaning of the operating parts.

(e) Rollers and races shall be of special steel proposed by the manufacturer,

which shall have Rockwell C hardness not less than 58 for die rollers and not less

than 56 for the races. Bearings shall be made by a manufacturer of established

reputation who has had bearings of comparable size of the same materials and type

in successful service for at least 10 years.

6.5.11 Anti-Friction Bearings

(a) Anti-friction bearings shall be so sized that under the loads and resistances

specified in Section 6.3, and at the average running speed at which die bearing is

applied, the B-10 life shall be 40,000 hours. (B-10 life shall be as defined by the

Anti-Friction Bearing Manufacturers Association, AFBMA, and shall be the time

for which 90 percent of a group of identical bearings will survive under the given

loading condition).

(b) When separately mounted in pillow blocks the bearings shall be self-

aligning. Housings shall be cast steel, and shall be split on the center line. When
exposed to dirt or moisture, seals shall be provided.

6.5.12 Speed Reducers

(a) Helical and herringbone gear speed reducers and increasers shall be manu-

factured in accordance with the requirements of the American Gear Manufacturers

Association (AGMA) and shall carry the AGMA symbol on the nameplate.
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(b) Reducers shall be rated for a service factor of 1.0 as defined by the

AGMA based on the power requirements of Section 6.3. For electric motor drives,

the horsepower rating of the reducer shall not be less than the rated horsepower

of the motor.

(c) When anti-friction bearings are used, they shall have a B-10 life of 40,000

hours. Gear quality shall be Class 6 or 7 and backlash shall be in accordance with

AGMA standards based on center distance.

(d) Lubrication of the gears shall be automatic and continuous. Preferably,

fittings shall be provided for grease lubrication of the bearings. Provisions shall be

made for filling, draining and ventilating the housings and a sight gage shall be

mounted on the unit to read the lubricant level.

6.5.13 Lubrication

(a) Provision shall be made for effective lubrication of sliding surfaces, and

of roller and ball bearings. Lubricating devices shall be easily accessible.

(b) Each sliding bearing requiring lubrication shall have a high-pressure grease

fitting, containing a small receiving ball or cone check valve, made of steel, that

will receive the grease and close against back pressure. These fittings shall be

connected to the linings of bearings by means of corrosion resisting pipe, which

shall be screwed into the lining through a hole in the cap. If the bearings are not

readily accessible, the fittings shall be placed where they will be accessible, and

shall be connected to the bearings by means of corrosion resisting pipe.

(c) Grease ducts shall be so located that the lubricant will tend to flow, by

gravity, toward the bearing surface. Grooves shall be provided, wherever necessary,

for the proper distribution of the lubricant.

(d) The grooves for trunnion bearings may be cut in either the shaft or the

lining. Such grooves shall be straight, parallel to the axis of the shaft, and for large

bearings no fewer than three; they shall be so located that the entire bearing

surface will be swept by lubricant in one movement of opening or closing the

bridge, or in 90 deg rotation of the shaft, whichever is less. Each such groove

shall be served with lubricant by a separate pressure fitting. The grooves shall be

of such size that a 5/16-inch diameter wire will lie wholly within the groove; their

bottoms shall be rounded to a M-inch radius. The grooves shall be accessible for

cleaning with a wire.

(e) The grooves for counterweight sheave bearings may be in accordance

with the requirements of the foregoing paragraph, or they may be spiral grooves

cut in the lining and served with pressure fittings. A cleanout hole shall be provided

in the bearing base and connected to the lowest point of the spiral grooves so that

the journal surface can be cleaned and the grooves flushed out.

(f) In disk bearings, straight grooves shall be cut in the upper of the two
rubbing surfaces in contact. The grooves shall be not less than )i inch wide and
deep, and the corners shall be rounded to a radius not less than half the width of

the groove. The corners at the bottom of the grooves shall be filleted so there shall

be no sharp corners.

(g) Small bearings with light bearing pressures and slow or intermittent mo-
tion, and not readily accessible, may be lubricated with self-lubricating bushings.

Bushings shall be of a character which will not be injured by the application of

oil. The bearings shall be provided with oil holes for emergency lubrication, and
the oil holes shall be fitted with readily removable screw plugs.
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(h) Hand-operated grease guns having a capacity of 12 oz shall be provided
to service all lubrication fittings. There shall also be provided portable loaders of

25-lb capacity and a loader for use with 100-lb grease drums. All necessary adapters

shall be provided for the equipment.

(i) Two guns shall be furnished for each swing and bascule span, and three

guns for each lift span. One portable loader and one drum loader shall be furnished

for each movable bridge.

6.5.14 Shafts

(a) For shafts supporting their own weight only, the unsupported length of the

shaft shall not exceed L = 80 sVd2
, in which L = length of shaft between bearings

in inches, d — diameter of shaft in inches.

(b) Shafts likely to be thrown out of line by the deflection of the supporting

structure shall be made in non-continuous lengths, and the arrangements preferably

shall be such that only angular misalignment need be cared for by the couplings,

offset misalignment being cared for by a floating shaft. Each length of shaft prefer-

ably shall rest in not more than two bearings.

(c) Shafts shall be proportioned so that the angular strain in degrees per foot

of length under the maximum loads will not exceed the following limits:

1. For all shafting —j-

d
2. For more rigid drives where less spring is desirable, as in shafts

driving end-lifting devices 0.08

Where d is the shaft diameter in inches. Where the diameter exceeds 7.5 inches,

requirement 1 governs.

(d) Line shafts connecting the machinery at the center of the bridge with

that at the ends shall be designed to run at fairly high speed, the speed reduction

being made in the machinery at the end. The maximum speed of line shafts shall

not exceed 2/3 of the critical speed of any section of the shaft.

(e) Shafts transmitting power for the operation of the bridge, and shafts 4 ft

or more in length forming part of the operating machinery of rail locks and bridge

locks, shall be not less than 2/2 inches in diameter.

(f) Journals on cold-rolled shafting shall not be turned down. Pinions may be
forged integral with their shafts.

6.5.15 Shaft Couplings

(a) So far as practicable, all couplings used in connection with the machinery

shall be standard manufactured flexible couplings. The couplings shall be close to

the bearings.

(b) Couplings between machinery units shall preferably be of the gear type,

providing for angular misalignment or for both angular and offset misalignment.

(c) Couplings connecting machinery shafts to electric motor or internal com-

bustion engine shafts shall be flexible couplings, transmitting the torque through

metal parts and providing for both misalignment and shock.

(d) Machinery shafts so supported and assembled as to avoid any misalign-

ment between the shafts may be connected by flange couplings. The bolt heads and
nuts shall be seated in recesses or protected by flanges. The couplings shall be

cylindrical.
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(e) All coupling and shaft fits and finishes shall meet the requirements of

Art. 6.5.1 for hubs on shafts. Couplings shall be keyed to the shafts. The couplings

shall in all cases be fitted to their shafts in the shop, the couplings after manufac-

ture being shipped to the manufacturers of the shafts as necessary to accomplish

this result.

6.5.16 Longitudinal Thrust

(a) Wheels and similar parts shall be securely fastened, to prevent longitudinal

movement, by set screws through the hub, or by clamps around the shaft. Provi-

sion shall be made to hold bevel gears and worm wheels against movement along

the shaft. The axial thrust from bevel gears shall be taken by the shaft bearing

with a loose bronze washer between the gear hub and the face of the bearing, or

with an equivalent means to carry the thrust load to the bearing.

6.5.17 Collars

(a) Collars shall be provided wherever necessary to prevent the shaft from

moving axially. There shall be at least two set screws, 120 deg apart, in each col-

lar. The set screws shall have cone points, and the shafts shall be counterbored

for the set screws. The edges of the holes shall be peened over the set screws after

the collars are adjusted. If a shaft or trunnion receives an axial force, there shall be

a thrust bearing to prevent axial movement.

6.5.18 Gear Teeth

(a) Gear teeth, unless specifically stipulated otherwise, shall be machine cut,

shall be of the involute type, and shall have a pressure angle of 20 deg. Gears in

general shall have straight spur teeth of full depth. For special applications, stub

teeth may be used. For tooth speeds over 1200 ft per min, and for tooth speeds

over 500 ft per min, where quiet operation is desired, helical gears preferably shall

be used. Helical gears shall be assembled in a common frame, shall be fully inclosed

in a metal housing, and shall run in oil; they shall be assembled so that one gear

of each pair of mating gears may have a slight axial movement to permit opera-

tion at the correct location relative to the other gear. Unless otherwise stipulated,

all gear teeth shall be cut from solid rims.

(b) For full-depth spur gear teeth, the addendum shall be not more than

0.3183 of the circular pitch and the tooth thickness measured on the pitch circle

shall be 0.495 of the circular pitch. For stub teeth, the addendum shall be not

more than 0.2546 of the circular pitch.

(c) The face width of a spur gear shall be not less than 1/2 times the circular

pitch. The face width of a bevel gear shall be not more than 1/3 of the slant height

of the pitch cone, nor more than 3 times the circular pitch at the middle section

of the tooth.

(d) The circular pitch of spur gears, other than motor pinions, transmitting

power for moving the span, shall be not less than 1 inch, and for motor pinions

not less than %, inch. The circular pitch for main rack teeth shall be not less than

1/2 inches.

(e) Pinions shall have not less than 15 teeth. Rack pinions preferably shall

have not less than 17 teeth. Motor pinions preferably shall have not less than

19 teeth.

(f) Helical gear teeth shall be cut to the same normal profile as spur gear

teeth. The helical angle shall be not less than 23 deg and not more than 30 deg
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The net width of face, measured parallel to the axis of the bore, shall be not less

than 3 times the circular pitch nor more than 1% times the pitch diameter of

the pinion.

6.5.19 Strength of Gear Teeth

(a) In the design of spur gears, bevel gears, and helical gears, the load shall

be taken as applied to only one tooth.

(b) The tooth profile for spur, bevel and helical gears shall be the 20 deg,

full depth or stub, involute and shall be of the proportions stated in Art. 6.5.18.

(c) The allowable load on gear teeth shall conform to the following formulas:

1. Spur Gears and Bevel Gears

For full-depth involute teeth:

600W = psf(0.1U- -?f2-)-600 + v

For stub involute teeth:

u/ i / ni 7Q 1-033 \ 600W =psf ^0.178- —^j-600 + v

2. Helical teeth, full depth

W = 0.7 psf ( 0.154 — Mij 1200

1200 + V

where W = allowable tooth load, in pounds.
p = circular pitch, in inches.

s = permissible unit stress, in pounds per square inch.

f= effective face width, in inches,

n := number of teeth in gear.

V= velocity of pitch circle, in feet per minute.

(d) The effective face width for spur and bevel gears shall be the full face

width up to 3 times the circular pitch; for greater face widths, the effective width

shall be 3 times the circular pitch but not less than ¥2 the full width.

(e) The effective face width for helical gears shall be the net active width

of face measured parallel to the axis of the bore.

(f) For calculating the strength of bevel gear teeth, the middle section of the

tooth shall be taken. The number of teeth "n" in the above formulas for bevel

gear teeth shall be the formative number which, for the pinion, is determined

as follows:

»=-iA+(-^y
where np = actual number of teeth in pinion.

ng= actual number of teeth in gear.

(g) The allowable unit stresses in pounds per square inch for cut gear teeth

of all types shall be:

Bronze 9,000
Cast steel 16,000
Class CI forged carbon steel 20,000
Class E forged carbon steel 22,500
Forged alloy steels 60 percent of yield point

in tension, but not more
than 1/3 of ultimate
strength in tension.
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(h) The permissible unit stress in pounds per square inch for machine molded

teeth shall be:

Cast steel 8,000

(i) For racks and their pinions and for all other mating gears and pinions

which are not supported in and shop-assembled in a common frame, the permis-

sible unit stresses shall be decreased 20 percent.

6.5.20 Worm Gearing

(a) Except for the end and center wedges of swing bridges, worm gearing

preferably shall not be used for transmitting power. In calculating the strength

of worm gear teeth, the load transmitted shall be taken as equally distributed

between two teeth.

(b) Worm gear reducers for transmitting power preferably shall be commer-

cial units which shall be selected on the basis of their rating under the American

Gear Manufacturers Association recommended practice. The helix angle of the

worm shall be not less than 20 deg. The worms shall be heat-treated alloy steel

forgings and the gear shall be bronze. The thread of the worm shall be ground

and polished, and the teeth of the gear shall be accurately cut to the correct profile.

The worm and gear-thrust loads shall be taken by anti-friction bearings, mounted

in water and oil-tight housings. The unit shall be mounted in a steel or cast-iron

housing and the lubrication shall be continuous while in operation.

(c) Worm gear units used for end and center wedges of swing bridges shall

be self-locking.

6.5.21 Screw Gearing and Cams

(a) Except for end lifts and center wedges of swing bridges, screw gearing

preferably shall not be used for transmitting power.

(b) Screws and nuts for transmitting power shall be cut with 29-deg general-

purpose Acme thread. Anti-friction bearings shall be provided to carry all thrust

loads. The unit shall be mounted in an oil and watertight housing and provided

with continuous lubrication. The screw and nut shall be made of dissimilar metals,

preferably steel and bronze.

(c) Cams and similar devices transmitting power by line or point contact shall

not be used.

6.5.22 Hubs

(a) If practicable, the length of all hubs shall be not less than the diameter

of the bore, and for gears also not less than 1.25 times the width of the teeth. The

thickness of the hub, preferably, shall be not less than 0.4 of the diameter of

the bore.

(b) Unless otherwise specified, all hub and shaft fits and finishes shall meet

the requirements of Art. 6.5.1. Hubs shall be provided with keys designed to carry

the total torque to be transmitted to the shaft.

(c) Bascule trunnion hubs that are to fit tightly into structural parts shall have

an ANSI Class FN3 fit therein, and shall be secured against rotation by keys

or bolts.

6.5.23 Keys and Keyways

(a) Keys for securing machinery parts to shafts shall be parallel-faced, square

or flat. Tapered keys may be used to meet special requirements. All keys shall be
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fitted into keyways sunk into the hub and shaft. Preferably, the keyways in the

shaft shall have closed ends, which shall be milled to a semi-circle equal to the

width of the key. Keyways shall not extend into any bearing.

(b) Keys that are not set into closed-end keyways shall be held by safety set

screws, or other effective means; in vertical shafts, collars clamped about the shafts,

or similar devices, shall be used.

(c) In hubs of spoked wheels, the keyways shall be located in the centers of

the spokes. If two keys are required, they shall be placed 120 deg apart.

(d) All keys shall have a width not greater than % of the shaft diameter and

the thickness of flat keys shall be approximately % of their width.

6.5.24 Capacity of Keys

(a) The foregoing requirements for keys and keyways are for machinery parts,

whose use is intended to develop the full torsional strength of the shaft.

(b) For trunnions and similar parts which are designed chiefly for bending

and bearing, the keys and keyways shall be proportioned simply to hold the trun-

nion from rotating. The force tending to cause rotation shall be taken as 1/5 of

the load on the trunnion, and as acting at the circumference of the trunnion.

6.5.25 Bolts and Nuts

(a) All bolts for connecting machinery parts to each other or to supporting

steelwork shall have turned shanks, cut threads, and semi-finished, washer-faced,

hexagonal heads and nuts. The finished shanks shall be 1/16 inch larger in diameter

than the diameter of the thread which shall determine the head and nut dimensions.

(b) The dimensions of all bolt heads and nuts shall be in accordance with

the heavy series, and the threads shall be in accordance with the coarse thread

series of the American Standards.

(c) All bolt heads and nuts shall bear on seats square with the axis of the

bolt. On castings, except where recessed, the bearing shall be on finished bosses

or spot-faced seats. Bolt heads which are recessed in castings shall be square.

(d) All nuts shall be secured by effective locks. If double nuts are used, both

nuts shall be of standard thickness.

(e) When specified by the company, bolts for connecting machinery to struc-

tural supports shall be ASTM A 449 with ASTM A 194 Grade 2 or 2H nuts.

Tapered dowel pins shall be used in this type of connection.

6.5.26 Set Screws

(a) Set screws shall not be used for transmitting torsion; they may be used

for holding keys or fight parts in place. They shall be safety-type headless set

screws with cone points, set in counterbored seats. Unless otherwise ordered, they

shall be secured in position by peening over the holes, or by welding.

6.5.27 Tapped Holes

(a) Machinery parts shall not be joined together or mounted on structural

supports by means of bolts or studs in tapped holes, except by special permission

of the engineer. This does not apply to joints in component parts of standard

manufactured items.

6.5.28 Springs

(a) Springs preferably shall not be used to actuate any moving part. For

electric parts, preference will be given to those having the fewest springs.
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6.5.29 Equalizers

(a) The net section back of the pin hole in equalizing levers shall be not less

than the required net section in tension to carry the load on the pin. The net sec-

tion through the pin hole shall be not less than 140 percent of the required net

section in tension.

6.5.30 Covers

(a) Dust covers shall be provided wherever necessary to protect the sliding

and rotating surfaces and prevent dust from mixing with the lubricant.

(b) Safety gear guards shall be provided for all gears in the machinery houses.

(c) If gears or sheaves are located where falling objects may foul them, they

shall be protected by metal covers easily removed.

(d) Counterweight sheave rims shall be covered to protect them from the

weather.

6.5.31 Safety Devices

(a) Safety devices such as hand rails, chains and cages shall be installed for

the protection of persons. All safety regulations shall be observed.

6.5.32 Drain Holes

(a) At places where water is likely to collect, there shall be drain holes not

less than 1 inch in diameter.

6.5.33 Compressed Air Devices

(a) Mechanical devices using power transmitted by compressed air may be

used for the operation of center wedges, end lifts, centering devices, and sliding

rail locks.

6.5.34 Special for Swing Bridges

6.5.34.1 Center bearing

(a) Center-bearing swing bridges shall be so designed that when the bridge

is swinging, the entire weight of the moving span is carried on a center pivot, and
when the bridge is closed, the trusses rest at the center on wedges. Adjustment for

height shall be provided.

6.5.34.2 Rim bearing

(a) The load on the rim girder of a rim-bearing or combined rim- and center-

bearing swing bridge shall be distributed equally among the bearing points. The
bearing points shall be spaced equally around the rim girder.

(b) Rigid struts shall connect the rim girder to a center pivot, firmly anchored

to the pier. A strut shall be attached to the rim girder at each bearing point, and
at intermediate points when required. No fewer than eight struts shall be used in

any case.

(c) The rim girder shall be designed so that the load will be properly dis-

tributed over the rollers. For calculating stresses in the girder, the loads shall be
assumed to be distributed equally to all rollers. The span length shall be taken as

the developed length of the girder between adjacent bearing points. This part of

the girder shall be considered fixed at both ends. The girder shall be designed in

accordance with the requirements for plate girders.

(d) The lower track shall be designed to distribute the load on the rollers uni-

formly over the masonry.
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6.5.34.3 Combined bearing

(a) In a combined rim and center-bearing swing bridge, a definite portion

of the load, not less than 15 percent, shall be carried to the center by radial

girders attached rigidly to the center and to the rim.

6.5.34.4 Shear over center

(a) In swing bridges having a center truss panel, this panel shall be so

designed that shear will not be carried past the center. The web members of such

panel shall be strong enough, however, to make the bridge secure against longi-

tudinal wind pressure when it is open.

6.5.34.5 End wedges and center wedges

(a) End wedges of swing bridges shall be arranged to center the bridge

accurately when closed, unless a separate device is used to center the bridge. The

end and center wedges shall be so designed that the action of the moving load can-

not cause displacement of the end supports and wedges in case of failure or dis-

connection of the mechanism which actuates the end lift. The end and center

wedges shall be so designed as to permit adjustment. The center and end wedges

may be operated by the same mechanism.

6.5.34.6 Rim girders

(a) Rim girders shall be provided with stiffeners with fillers on both sides of

the web at points of concentrated loading. These stiffeners shall be milled or ground

to fit tightly against both flanges. The distance between adjacent intermediate

stiffeners shall not exceed 2 ft. On rim girders exceeding 5 ft in depth, alternate

intermediate stiffeners may extend only % the depth of the girder, unless required

to be of full depth to stiffen the web. The thickness of the outstanding legs of

stiffener angles shall be not less than % of their width. The tread plate for the rollers

shall be securely fastened to the rim girder and shall be from 2 to 3 inches thick,

depending on the weight of the bridge. The rim girder flange angles shall be not

smaller than 6 x 4 x %, For welded construction, the flange plates shall not be less

than 1 inch thick.

(b) Provisions shall be made for jacking the entire span.

6.5.34.7 Center pivots

(a) Center pivots shall consist of disk bearings, upon which the span revolves,

and supporting pedestals. Disk bearings shall consist of two disks, one of phosphor

bronze and one of hardened steel.

(b) Center pivots shall be so designed that the disks may be taken out and

replaced while the bridge is closed, without interfering with the operation of trains

over the bridge. The disks shall be so anchored that sliding will take place only at

the surface of contact of the disks.

6.5.34.8 Balance wheels

(a) For power-operated center-bearing bridges, no fewer than eight wheels,

running on a circular track, shall be provided to limit the tilting of the bridge

and to carry the wind pressure to the track while the bridge is swinging. The

balance wheel bearings shall be adjustable for height, preferably by shims between

the superstructure and the seats of the bearings. For short, single-track, hand-

operated bridges, four wheels may be used.

(b) Fits and finishes for wheel hubs on shafts shall meet the requirements of

Art. 6.5.1. The axles shall rotate in bronze-lined bearings, with means for lubrication.
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6.5.34.9 Rack and track

(a) The rack and track of swing bridges shall be made in sections, preferably

not less than 6 ft long. The track shall be deep enough to insure good distribution

of the balance wheel or roller loads to the masonry, but in no case shall the depth

for rim-bearing bridges be less than 4 inches. If a cast track is used and the loads

are light, as in center-bearing bridges, the rack and track segments preferably shall

be cast in one piece. In rim-bearing bridges, the rack shall be cast separate from

the track, so that the parts may be easily removed for repairs. The joints in the

rack and track shall be staggered. The track shall be anchored to the masonry by

bolts not less than VA inches in diameter, extending at least 12 inches into the

masonry, and set in non-shrink grout. The track of hand-operated, center-bearing

bridges shall have an ample number of anchor bolts so that the mortar or grout

in which they are set will not be crushed by the tractive force developed when

turning the bridge. When center-bearing bridges are operated by mechanical power,

the track shall be anchored down by bolts, and the tractive force developed when

turning the bridge shall be taken by lugs extending from the boctom of the track

downward into the masonry and set in non-shrink grout or concrete.

6.5.34.10 Main pinion shaft bearings

(a) When two main pinions are used they shall be placed diametrically oppo-

site, and when four pinions are used, they shall be placed in pairs which shall be

diametrically opposite.

(b) Each main pinion shaft shall be supported in a double bearing, which

shall be provided with bolted caps, split linings, and liners, to permit easy removal

of the pinion shaft, and to provide adjustment for wear. A bronze thrust collar

shall be provided at the top bearing to carry the weight of the pinion, shaft and

gear. Means shall be provided for holding the pinion against movement along the

shaft. The double bearing shall be of ample strength for the maximum pinion load

and shall be adequately braced and attached to the rim girder or superstructure.

(c) Sufficient shims shall be provided between the bearing base and the steel-

work to care for any necessary adjustment in position of the bearing. If practicable,

the bearings shall be shipped assembled to the steelwork, widi the shims in place.

6.5.34.11 Equalizing devices

( a ) In power-operated swing spans there shall be no fewer than two main pinions.

These pinions shall be connected by mechanical devices which will equalize the

torques at the pinions, unless such equalization is provided by other means

acceptable to the engineer.

6.5.35 Special for Bascule Bridges

6.5.35.1 Rail end connections

(a) If die rail end connections are of the sliding-lock type, the sliding locks

at the heel end of the bridge shall be on die approach.

6.5.35.2 Centering devices

(a) The bridges shall be equipped with self-centering devices at the toe end.

Transverse centering shall be accomplished by a device preferably located on the

center line of the bridge, as near the track level as practicable, with a clearance

not to exceed 1/16 inch.
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6.5.35.3 Locking devices

(a) There shall be a locking device at the end for each girder or truss to

force down and hold down the toe end to its seats.

6.5.35.4 Air buffers

(a) Power-operated bridges shall be equipped with air buffers to aid in

stopping the span smoothly in either the open or closed positions. For single-track

bridges having girders or trusses not more than 10 ft center to center, there shall

be one air buffer at the toe end of the bridge. For all other bridges, there shall be
two air buffers at the toe end of the bridge.

6.5.35.5 Segmental girders and track girders

(a) The flanges of segmental and track girders of rolling-lift bridges shall be
symmetrical about the central planes of the webs. The central planes of the webs
of the segmental girders shall coincide with the central planes of the webs of the

track girders. The treads attached to the segmental girders and track girders shall

be steel castings, steel forgings or rolled steel plates, and shall not be considered

as part of the flanges of these girders.

(b) The permissible load per linear inch of line bearing between treads for

segments having a diameter of 120 inches or more shall not exceed

(12,000 + SOD)
(Fy

^ o

QOO)

in which D is the diameter of die segment in inches, and Fy is the yield point

strength of the material in tension in pounds per square inch.

(c) The thickness of solid tread plates shall be not less than 3 inches plus

0.004 D. The effective length of line bearing for solid tread plates shall not exceed
the thickness of the web of the segmental or track girder, plus the thickness of the

side plates, plus 1.6 times the thickness of the tread plate. The edges of the webs,
side plates, and the backs of die flange angles shall be machined so as to bear
continuously on the tread plate.

(d) The unit bearing pressure of the tread plates on the web plate shall not

exceed one-half the yield point of the material in tension. In calculating the unit

bearing pressure, the length of the area in bearing shall be taken as twice the

least thickness of the tread and the width as the thickness of the web plus the

effective thickness of the side plates. Flange angles shall not be considered as trans-

mitting any load from the web to the treads, and the bearing value of side plates

shall not exceed the strength of those fasteners or welds connecting them to the

web which are included between diverging lines in the plane of the web that

intersect in the line contact between the treads and that make an angle with the

normal to the rolling surfaces at that point whose tangent is 0.8. The load, as used

in this paragraph, shall be the weight of the structure, no addition being made for

rolling impact.

(e) Tread plates may be flange-and-web castings. The edge thickness of the

rolling flange shall be not less than 3 inches and the flange thickness at the face

of the web of the casting shall be such that the unit bearing on the web of the

casting shall not exceed one-half the yield point of the material in tension, the

length of bearing being taken as twice the depth from the rolling face to the

plane under consideration.

(f) Solid tread plates on segmental girders shall have a radius slightly smaller

than the segmental girders in order to facilitate the securing of tight contact with
the girders throughout their length when drawn up with the attaching bolts.
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( g ) When not otherwise stipulated on the plans, all tread plates shall be made

as long as practicable. When tread plates are made in segments, the faces of the

tread plates at the joints between the segments shall be in planes at right angles

to the rolling surface and preferably at an angle of 45 to 60 deg with the longi-

tudinal center line of the tread plate.

(h) Those portions of the segmental and track girders, which are in contact

when the bridge is closed, shall be designed for the sum of the dead load, the live

load, and an impact equal to the live load. Under this loading, the allowable line

loading shall be 150 percent of that given in paragraph (b) above.

(i) The segmental and track girders shall be fully reinforced with stiffeners

and diaphragms.

6.5.35.6 Location of machinery

(a) The machinery shall preferably be located on the stationary part of the

bridge.

6.5.35.7 Equalizing devices

( a ) There shall be mechanical devices on bascule bridges to equalize the torques

at the two main pinions, unless such equalization is provided by other means

acceptable to the engineer.

6.5.36 Special for Vertical Lift Bridges

6.5.36.1 Centering devices

(a) Bridges shall be equipped with self-centering devices at each end. Trans-

verse centering shall be accomplished by devices located on the center line of

bridge, as near the track level as practicable, with a clearance not to exceed 1/16

inch. For truss bridges these centering devices shall be supplemented by close

transverse centering of the unloaded chords, to be accomplished by special center-

ing devices or by the span guides.

6.5.36.2 Locking devices

(a) Bridges shall be equipped with locking devices to prevent the span from

rising after it has been seated by the operating machinery. At each end there shall

be a locking device on the center line of bridge for single track bridges, and a

locking device at each outside girder or truss for multiple track bridges.

6.5.36.3 Span guides

(a) The lift span and its counterweights shall be held in position transversely

and longitudinally during their movement by means of guides engaging guide

flanges on the towers. Truss spans shall have transverse guides at both top and

bottom chords. The guides may be of either the sliding or the rolling type. The

ends of guide flanges shall be planed smooth. The guides shall be adjustable, and

shall preferably be set to provide a normal running clearance of % inch. For the

seated position of the span, the clearance may be reduced to % inch.

6.5.36.4 Air buffers

(a) Power-operated bridges shall be equipped with air buffers to aid in seat-

ing the span smoothly. For single-track bridges having girders or trusses not more

than 10 ft center to center, there shall be an air buffer at each end of the bridge.

For all other bridges there shall be two air buffers at each end of the bridge.

(b) Power-operated bridges shall also be equipped with air buffers to aid in

stopping both the moving span and counterweights without damage to the struc-

ture, in the event that the span is raised above tire prescribed limit.



Manual Recommendations 295

6.5.36.5 Counterweights

(a) The balance-block pockets shall be placed as near the ends of the counter-

weights as practicable, in order to aid in securing the required balance between the

lift span and the counterweights at each of the four corners of the span.

6.5.36.6 Clearance below counterweights

(a) The counterweights shall clear the track rails by not less than 5 ft when

the span is fully open. In computing this clearance the counterweight ropes shall

be assumed to stretch 1 percent of their length in addition to the elastic elongation.

6.5.36.7 Equalizing devices

(a) On vertical-lift spans operated through pinions engaging racks on the

counterweight sheaves, there shall be devices to equalize the torques at the rack

pinions when two counterweight sheaves and two pinions are used at a corner of

the span. Equalizing devices shall not be used between pinions at opposite sides of

the span; but adjusting devices shall be provided between such pinions, to permit

transverse leveling of each end of the span.

6.5.36.8 Counterweight sheaves

(a) For main counterweight ropes, the pitch diameter of the sheave, center

to center of ropes, shall be not less than 72 times the diameter of the rope, and

preferably not less than 80 times. For auxiliary counterweight ropes, the pitch

diameter of the sheave shall be not less than 60 times the diameter of the rope.

(b) Counterweight sheaves shall have shrink fits on their shafts, and shall be

secured by driving-fit dowels set in holes drilled after the sheaves is shrunk on

the shaft.

(c) The shape of the grooves shall conform as closely as feasible to the rope

section so that while the ropes shall run freely in the grooves, the sides of the

grooves shall prevent the ropes from flattening under static loads, as when sup-

porting counterweights. The distance center to center of grooves shall be not less

than )i inch more than the diameter of the rope.

6.5.36.9 Operating drums and deflector sheaves

(a) For operating ropes, the diameter of the drums and deflector sheaves

shall be not less than 45 times the diameter of the rope, and preferably not less

than 48 times, except for deflector sheaves with small angles of contact between
rope and sheave.

(b) Operating drums shall have pressed fits on their shafts, and in addition

shall have keys designed to carry the total torque to be transmitted to the shafts.

(c) The shape of the grooves on operating drums shall conform as closely as

feasible to the rope section. The distance center to center of grooves shall be not

less than Js inch more than the diameter of the rope.

(d) Deflector sheaves shall generally have the same diameter as the drums.
Intermediate deflector sheaves shall be provided as necessary to prevent rubbing
of the ropes on other parts and to avoid excessive sag of the ropes. When operat-

ing ropes have small angles of contact with deflector sheaves, the sheaves shall be
supported on roller or ball bearings and shall be designed as light as practicable to

insure easy turning and minimum rope slippage in starting and stopping.

(e) All deflector sheaves shall have deep grooves to prevent displacement of

the ropes.
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6.5.36.10 Welded sheaves

(a) Sheaves fabricated by welding shall be made of structural steel, ASTM

A 36, or of forged carbon steel, ASTM A 235 Class E. The rim shall be fabricated

from not more than three pieces of plate. It shall be welded into a complete ring

and the welds ground flush on all four sides before being welded into the sheave

assembly. Each web shall be fabricated from not more than two pieces of plate.

Web welds, if used, shall be ground flush on both sides. The hub shall be made

from a one-piece forging.

(b) The allowable unit stresses under dead load with the sheave rotating and

with no impact shall be:

Tension or compression in base metal or filler metal:

10,000 psi

l-R

not to exceed 10,000 psi

Shear in base metal or filler metal:

5,000 psi

l-R

not to exceed 5,000 psi

See Art. 1.3.13 for the definition of R.

(c) All welds shall be full-penetration welds made with low-hydrogen proce-

dures. Automatic submerged-arc welding shall be used to the greatest extent prac-

ticable. After completion of the weldment and before final machining, the sheave

shall be stress relieved.

6.5.36.11 Counterweight ropes

(a) The connections of the counterweight ropes to the lift span and counter-

weights shall be so made as to permit ready replacement of any one rope without

disturbing the other ropes. Provision shall also be made for replacement of all the

ropes simultaneously, preferably by supporting the counterweights from the towers.

(b) On the lift span side, the counterweight ropes shall be separated sufficiently

to prevent objectionable slapping of the ropes against each other while the span is

in the closed position. This may be accomplished either by use of widely spaced

grooves on the sheaves, by using deviations of the ropes from a vertical plane, or

by other approved means.

(c) The transverse deviation of a counterweight rope from a vertical plane

through the center of the groove on the sheaves, shall preferably not exceed one-

half the spacing of the grooves, and shall be the same for all the ropes on a sheave.

In no case shall it exceed 1 in 40. The longitudinal deviation of a counterweight

rope leading from the sheave, measured from a vertical plane tangent to the pitch

diameter of the sheave, shall not exceed 1 in 30, and shall be the same for all the

ropes on a sheave. These deviations shall not be exceeded on the span side for the

lift span in its highest possible position, and on the counterweight side for the span

in the closed position.

(d) The connections of all ropes shall be made in such manner as to give equal

loads on the several ropes of a group either by adjustment of the tension in the

ropes during erection, by fabrication of the ropes in the shop to the exact required

lengths without tolerance with provision for future adjustment of the tension if

required, or by use of equalizers.
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(e) The connections of all ropes shall be so made that the center line of the

rope above the socket is at all times at right angles to the axis of the socket pin for

pin sockets and to the bearing face of the socket for block sockets. Rope deflector

castings or plates or equivalent devices shall be provided near the sockets, as neces-

sary, to accomplish this result.

6.5.36.12 Operating ropes

(a) The transverse deviation of a rope from a plane through the groove of a

drum or sheave at right angles to the axis of the shaft of the drum or sheave shall

not exceed 1 in 30, and preferably shall not exceed 1 in 40.

(b) There shall be at least two full turns of the rope on the operating drum

when the span is in the fully open or closed position and, in addition, the end of

the rope shall be rigidly clamped to the drum, the attachment being such as to avoid

sharp bends in the wires.

(c) There shall be take-ups, consisting of turnbuckles or other devices, for

taking up slack in the ropes. The take-ups shall be such as to prevent any rotation

of the ropes about their axis. They shall be readily accessible for operation by

one man.

6.5.36.13 Balance chains

(a) Chains for balancing counterweight ropes shall be made of cast iron links,

connected by rust-resistant steel pins, placed in bored or reamed holes. The holes

shall be of uniform size, carefully located, and at right angles to the length of the

links. The chains shall hang freely in vertical planes without twists. The pins shall

be fitted with washers and round cotter pins.

6.6 WIRE ROPES AND SOCKETS
6.6.1 Manufacturer

(a) Wire rope shall be made by a manufacturer whose facilities and experience

are approved by the engineer.

6.6.2 Diameter of Rope

(a) The diameter of counterweight ropes shall be not less than 1 inch, nor more

than 2/2 inches; of operating ropes not less than % inch.

(b) The actual diameter of a wire rope (the diameter of the circumscribed

circle) shall be measured when the rope is unstressed. The amount by which the

actual diameter of a rope may differ from the nominal diameter shall be not greater

than the following:

Nominal
Diam of Rope Oversize

Inches Undersize Inch

% to % 1/32

if to IK 3/64

li
3
g to VA 1/16

1t
9
6 to 2% 3/32

2& to 2% 1/8

6.6.3 Construction

(a) All wire ropes shall be made of improved plow steel wire. All operating

ropes shall be preformed wire rope.
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(h) All wire ropes shall be of 6 X 25 filler wire construction with hard fiber

core. Each strand shall consist of 19 main wires and 6 filler wires fabricated in one

operation, with all wires interlocking. There shall be four sizes of wires in each

strand; 12 outer wires of one size, 6 filler wires of one size, 6 inner wires of one

size, and a core wire.

(c) Ropes shall be laid in accordance with the best practice. Every effort shall

be made to obtain ropes of uniform physical properties. The ropes shall be fabricated

in the greatest lengths practicable, and all similar ropes for any one bridge shall

be cut from ropes manufactured with one setting of one stranding machine and

one setting of one closing machine.

6.6.4 Lay

(a) All wire ropes, unless otherwise specified, shall be right regular lay, and

the maximum length of rope lay shall be as follows:

1. Operating ropes —6% times nominal rope diameter.

2. Counterweight ropes—7/2 times nominal rope diameter.

(b) The lay of the wires in the strands shall be such as to make the wires

approximately parallel to the axis of the rope where they would come in contact

with a circular cylinder circumscribed on the rope.

6.6.5 Lubrication During Fabrication

(a) All hard-fiber centers shall be prelubricated by the cordage manufacturer.

All portions of wire ropes—fiber center, wires, and strands—shall be lubricated

during fabrication with a lubricant containing a rust inhibitor and approved by the

engineer.

6.6.6 Splices

(a) No splicing of the ropes or individual strands will be permitted. Wire splices

shall be securely and properly made by electric welding, and no two joints in any

one strand shall be closer than 25 ft apart, except for filler wires.

6.6.7 Wire—Physical Properties

(a) The wire from which wire ropes are made shall be tested in the presence

of an inspector designated by the engineer. Excepting that the filler wires may be
made to the manufacturer's standards, the physical properties of the bright

(uncoated) individual wires before fabricating into the rope shall be as follows:

(b) The tensile strength shall be not less than the following:

Diam of Wire Tensile Strength Maximum,
Inch Minimum, Psi Psi

0.038-0.060 238,000 268,000
0.061-0.100 230,000 260,000
0.101-0.140 225,000 255,000
0.141-0.190 218,000 248,000

(c) The total ultimate elongation of the wires measured on a 10-inch gage
length, at the breaking strength of the wire, shall be not less than the following:
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Diam of Wire Elongation

Inch Percent

0.038-0.060 1%

0.061-0.100 1%

0.101-0.140 2

0.141-0.190 2%

(d) In the foregoing tests, the specimens shall he at least 15 inches long and

free from bends and kinks.

(e) The test specimens of the wire shall be subjected to a torsion test in which

the distance between the jaws of the testing machine is 8 inches. The number of

complete successive turns of 360 deg in one direction through which an 8-inch-length

wire can be twisted around its longitudinal axis without breaking or showing any

signs of splitting or other defects shall be not less than the following:

Diam of Wire
Inch Number of Turns

0.038-0.060 2.3 divided by diam. of wire in inches

0.061-0.100 2.2 " " " " " " "

0.101-0.140 2.1 " " " " " " "

0.141-0.190 2.0 " " " ' " " "

(f) In this torsion test, one end of the wire is to be rotated with respect to the

other end of the wire at continuous uniform speed until breakage occurs. During

the test the applied tension shall be sufficient to straighten the wire. The speed of

rotation shall not exceed 60 twists per minute. Such tests shall be carried out by a

mechanically driven device, such as a motor or belt drive, in order to secure opera-

tion at constant uniform speed.

(g) All of the tests specified above shall be made upon fair samples which

may be taken from either end of any coil of wire, and such samples shall be taken

from not less than 10 percent of the total number of coils.

(h) The tolerance limits on diameters of like-positioned wires in the strands

of the wire rope shall not exceed the following value:

Total

Diam of Variation,

Wires, Inch Inch

0.038-0.060 0.002

0.061-0.100 0.0025

0.101-0.140 0.003

0.141-0.190 0.0035

6.6.8 Ultimate Strength

(a) In order to demonstrate the strength of the rope and its fastenings, test

pieces with a length between the sockets equal to not less than 25 rope diameters,

and preferably not less than 50' rope diameters, shall be cut, and shall have sockets,

selected at random from those to be used in filling the order, attached to their ends.

The number of test pieces shall be not less than two from each original length in

which the rope is fabricated and not more than 10 percent of the total number of

finished lengths of rope to be made for the order. The test pieces shall be taken

from both ends of the original lengths in which the rope is fabricated. A suitable

mark shall be placed around the rope near the end of the socket, so that any move-

ment of the latter can be readily detected. These test pieces are to be stressed to
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destruction in a suitable testing machine, the first sample of each size being tested

with the machine running at its slowest speed. The sockets used for these tests shall

not be used in the structure. Under this stress, bright (uncoated) wire ropes shall

develop the minimum ultimate strength given in the following table:

Ultimate Strength of Improved Plow Steel Rope, 6 Strands ry 19 Wires

Approximate
Diam of Area Ultimate Strength
Rope in of Sectian Entire Rope
Inches 0.4D2 Psi Pounds

% 0.100 210,000 21,000
% 0.156 210,000 33,000

% 0.225 206,000 46,000
7» 0.306 205,000 63,000

1 0.400 203,000 81,000
V/a 0.506 203,000 103,000

Hi 0.625 201,000 126,000
1% 0.756 200,000 151,000

Hi 0.900 199,000 179,000

1% 1.056 198,000 209,000

1% 1.225 197,000 242,000
1% 1.406 196,000 275,000
2 1.600 195,000 312,000
2% 1.806 193,000 349,000

2)i 2.025 192,000 390,000

2% 2.256 191,000 432,000

2% 2,500 190,000 476,000

6.6.9 Rejection

(a) If the physical properties of the rope or of its individual wires fall below

those specified, the entire length from which the test pieces were taken shall be

replaced by the manufacturer with a new length, the physical qualities of which

conform to those specified.

6.6.10 Prestretching

(a) Each counterweight rope shall be prestretched using the following proce-

dure: (1) Tension the rope to 40 percent of its ultimate strength as given in Art.

6.6.8 and hold that load for 5 minutes. (2) Reduce the load to 5 percent of the

ultimate strength. (3) Repeat this load-unload cycle two more times. (4) Release

the load completely.

6.6.11 Sockets

(a) All sockets with wire ropes shall be Class CI forged steel, normalized, and
shall be forged, without welds, from solid steel except that sockets for 2/2-inch-

diameter ropes may be cast steel conforming to ASTM A 148, Grade 80-50. They
shall be neatly finished to the exact dimensions shown on the plans. All socket pins

shall be Class CI normalized steel forgings. In every case the dimensions of the

sockets shall be such that no part under tension shall be stressed higher than 48,000
psi when the rope is stressed to its specified ultimate strength. The sockets shall be
attached to the ropes by using zinc of a quality not less than that defined for High
Grade in the current Specifications for Slab Zinc (Spelter), ASTM B 6, using a
reliable method that will not permit the rope, when stressed to 80 percent of its

specified ultimate strength under the test specified in Art. 6.6.8 to slip more than
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1/6 the nominal diameter of the rope. If a greater movement should occur, the

method of attachment shall be changed until a satisfactory one is found.

(b) The sockets shall be stronger than the rope with which they are used.

If a socket should break during the test specified in Art. 6.6.8, two others shall be

selected and attached to another piece of rope and the test repeated, and this process

shall be continued until the inspector is satisfied of their reliability, in which case

the lot shall be accepted. If, however, 10 percent or more of all the sockets tested

break at a load less than the specified minimum ultimate strength, the entire lot

shall be rejected, and new ones made of stronger material or to a heavier design,

shall be furnished.

(c) Sockets shall be painted in the shop as specified for structural steel.

(d) Socket pinholes and pins shall be machined for an RC 8 fit in accordance

with ANSI B4.1.

6.6.12 Facilities for Testing

(a) The manufacturer shall provide proper facilities for making the tests, and

shall make, at his own expense, the tests required. Tests shall be made in the

presence of an inspector representing the engineer.

6.6.13 Length

(a) The length of each counterweight rope from inside of bearing to inside of

bearing of sockets shall be determined, and a metal tag having this length stamped

thereon shall be securely attached to the rope. While being measured, each rope

shall be twisted to the correct lay, it shall be supported throughout its length in a

straight line at points not more than 25 ft apart, and it shall be under a tension of

12 percent of its ultimate strength. A variation from the required length of not more
than /4 inch in 100 ft will be allowed. For block sockets which provide for the direct

load on the rope to be transmitted by bearing on the front face of the socket, this

permissible variation from the required length shall be corrected in the shop by
permanently fastening steel shims to the bearing face of one socket so that the

length from bearing face of one socket to bearing face of shim at the other socket

corresponds exactly to the required length. No shim shall be less than % inch thick.

(b) The contractor shall verify the exact lengths to which the counterweight

ropes shall be manufactured.

(c) Each rope shall have a stripe painted on one side along its entire length

at the time the measurement of length is made, to assure the correct alignment

of the rope during the erection of the bridge.

(d) Ropes shall be suitably marked or tagged for identification during erection.

6.6.14 Operating Ropes

(a) Ends of operating ropes when not provided with sockets shall be seized

and shall have the wires composing the ropes welded together. This seizing shall

be removed prior to making the attachments of the ropes to the drums and take-ups.

The lengths of operating ropes to be furnished shall be determined by the contractor.

6.6.15 Shipping

(a) All ropes shall be shipped on reels, the drum diameter of which is not less

than 25 times the diameter of the rope, unless permission to ship in coils is specified

in the order.
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6.7 POWER EQUIPMENT
6.7.1 Kind of Power

(a) If the bridge is to be operated by mechanical power, the kind of power

to be used will be stipulated by the company. The internal combustion engine,

electric motor, or other prime mover that may be stipulated shall be of ample

capacity to move the bridge at the required speed. The type of prime mover and

the name of the manufacturer shall be given in the proposal if the design is made

by the contractor.

6.7.2 Man Power

(a) If the bridge or parts thereof are to be operated by hand, the number of

men and the time of operation shall be calculated on the following basis:

1. The force which a man can exert continuously on a capstan lever is 40 lb

while walking at a speed of 160 feet per min.

2. The force which a man can exert continuously on a crank at a radius

of 15 inches is 30 lb with rotation at 15 rpm.

(b) For calculating the strength of the machinery parts, the force of one man
applied to a lever shall be assumed as 150 lb, and to a crank as 50 lb. Under these

loads, the normal unit stresses may be increased 50 percent.

6.7.3 Machines

(a) Machines which are of the usual manufactured types, such as internal

combustion engines, electric motors, pumps, air compressors, etc., shall be factory-

tested for the specified requirements to the satisfaction of the engineer, and shall

be guaranteed by the contractor to fulfill these requirements for one year.

6.7.4 Brakes for Span Operation

(a) Brakes shall be provided in accordance with the requirements of Art.

6.3.9. For electrically operated bridges, the motor brakes shall consist of one or

more electrically operated brakes for each main motor; the machinery brakes shall

also be electrically operated or, when so stipulated, they shall be operated by air,

by hand, or by foot. If specified, electrically operated machinery brakes shall be

provided with three steps of retarding torques.

(b) Brakes for bridges operated by power other than electricity shall be oper-

ated by air, by hand, or by foot, or, when so stipulated, they shall be electrically

operated from an auxiliary electric generator.

6.7.5 Air Brakes

(a) If air brakes are used, they shall be controlled from the operator's house.

The air compressor shall be electrically operated, and shall be able to compress
11 cu ft of free air a minute against a tank pressure of 90 psi. The loss of pressure

through the valves of the compressor shall be not more than Vk lb in 10 min. The
pressure at the tank shall be maintained automatically between 60 lb and 90 lb.

( b ) The air tank shall be cylindrical with a capacity of at least 10 cu ft. It shall

be built up of boiler plate with riveted joints, or shall have boiler plate sides welded
to pressure vessel heads, and shall be capable of withstanding without rupture a

pressure of 250 psi. It shall be equipped with an adjustable safety valve and blow-
out plug. It shall show no leaks when tested at a pressure of 160 psi.
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(c) The brake cylinder shall have a spring release capable of placing the brake

in the released position automatically as soon as the air is exhausted. The cylinder

shall be not less than 6 inches in diameter with a stroke of not more than 6 inches.

(d) At a convenient place in the line carrying air to the brake cylinder, there

shall be a union with a choke which will introduce a period of at least 5 sec for

establishing the tank pressure in the cylinder.

(e) If the control of the air in die brake cylinder is remote and electrically

operated, the arrangement of the application and release magnets shall be such

that the brake will be applied in case of any power failure.

6.7.6 Hand Brakes and Foot Brakes

(a) Hand brakes and foot brakes shall preferably be arranged so that the brake

is applied by means of a weight or spring, and released by hand or foot.

6.7.7 Audible Navigation Signals

(a) As an audible navigation signal, an air whistle, electric horns, electric

sirens, or other devices, shall be provided, as stipulated.

(b) Audible navigation signals shall conform to the requirements of all legally

constituted bodies, agencies, or authorities having jurisdiction over the waterway,

and shall be installed to their satisfaction and approval.

(c) For electrically operated bridges, when not otherwise stipulated, there

shall be provided two electric compressor-type air trumpets, weatherproof construc-

tion but also protected from sleet and snow, with minimum rating of 120 db at 10

ft reference 0.0002 microbar, and as an auxiliary two smaller electric trumpets or

sirens having approximately 20 db less output. Trumpets or sirens shall be installed

in approved locations, pointing up and downstream. Push buttons for their control

shall be provided on the control console.

(d) When so stipulated a whistle shall be provided. The bell of the whistle

shall be not less than 3 inches in diameter and 9 inches long. If the whistle is oper-

ated by air, the compressor shall be power driven, die motor and compressor being

gear connected on one frame. The working parts shall be enclosed and self-

lubricating. The compressor shall have a piston displacement of from 25 cu ft to

30 cu ft a minute when working against a tank pressure of 90 psi. The compressor

shall be provided with an automatic governor and switch in order that the com-

pressor may start and stop automatically at any predetermined tank pressure.

(e) The air receiving tank shall be 36 inches in diameter and 8 ft long, or

of equal capacity. It shall be good for a working pressure of 125 psi. It shall be

provided with pressure gage, pop valve, and drain cock, and shall have standard

flanges bushed for lM-inch pipe. The contractor shall furnish and install pipe, pipe

fittings and valves; all to withstand a working pressure of 125 psi.

(f) If the bridge is electrically operated, die sounding of the whistle may be

controlled by an electrically operated solenoid valve, operated from die control

console.

6.7.8 Internal Combustion

6.7.8.1 Engine torque for span operation

(a) The ratio of the rated engine torque to the maximum bridge starting torque

shall be not less than the following:

1. Four cylinders or more 1.33

2. Less than four cylinders 1.50
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(b) The rated engine torque, as referred to above, shall mean the rated torque

of the engine at the speed to be used for operation, measured at the flywheel, with

all metal housing in place, and with radiator, fan, and all other power-consuming

accessories in place, and shall be taken at not more than 85 percent of the rated

torque of the stripped engine.

6.7.8.2 Engines

(a) These requirements apply to separately mounted engines and to engines

forming part of an engine-generator set; see Art. 6.7.9.12 for generators. Internal

combustion engines shall be of the truck or marine type and of the most substantial

kind. The engines shall operate at a speed of not more than 1800 rpm and preferably

not more than 1400 rpm, and shall be equipped with a governor to limit the maxi-

mum speed to the designated value. Unless otherwise stipulated, the engine shall

have not less than 4 cylinders. The engine shall be tested by the manufacturer at his

plant to demonstrate that it will develop the rated torque as defined in Art. 6.7.8.1,

if used for span operation.

(b) The engine shall be equipped with reversing gears, preferably of the

helical type, and preferably in a separate gear unit, with a gear ratio of not less

than 2 to 1. Reversing shall be by means of approved friction clutch or clutches

on the countershaft operated by a lever or other approved device. The arrangement

shall be such that the machinery may be operated in either direction without

stopping the engine. The reversing-gear unit shall meet the requirements given in

Section 6.5.

(c) All engines having a rating of 20 hp or more shall be equipped with an

electric starter with generator and storage battery. Where electric current is avail-

able at the bridge, a battery charging unit shall also be provided. All engines having

a rating of 60 hp or less shall also be provided with a hand cranking device, if

feasible.

(d) Provision shall be made for effectively cooling the engine by means of a

radiator and fan. There shall also be provided a corrosion-resisting metallic exhaust

pipe discharging outside the engine room and fitted with an effective muffler. Air

inlets, including louvers, shall be arranged to assure an adequate air supply to the

engines at all times.

(e) The fuel tank shall be located outside the engine room, below the level

of the intake. The tank shall be made of corrosion-resisting metal and shall be large

enough to hold fuel for 30 days of normal operation if engine is used for span
operation, and at least one day if used for standby service. It shall be protected from
the sun. It shall be equipped with an automatic gage to show the quantity of fuel

in the tank. The fuel pipe and fittings connecting the fuel tank and the engine shall

be of copper or brass, so arranged and supported as effectively to provide for tem-
perature and vibration movements tending to produce fracture and leakage at con-

nections. Protective fill and vent seal units shall be included to prevent accidental

vapor ignition. A day-tank, including pumps, shall be provided for engines over 60
hp. The installation shall be in accordance with the requirements of the NFPA.

(f) A small control board containing throttle and choke controls, ignition

switch, starter button, and oil and temperature gages shall be provided at the engine,
in addition to other controls that may be required for remote starting.

(g) If the fuel is suitable, such as gasoline, the ignition shall be of the jump-
spark kind, for which the secondary coil is made up so that a low-voltage primary
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;urrent of not more than 24 v will be sufficient. For other fuel, the best device

available shall be used.

(h) The engine shall be inclosed in a readily removable metal housing unless

ocated in a dedicated, protected space, and, together with reversing gears and all

>dier engine accessories, shall be mounted in the shop on a rigid steel frame so

is to form a complete engine unit ready for installation.

(i) Indicators shall be provided in the room containing span operating engines

o show the position of the moving span and, if stipulated, of the lifting and locking

ipparatus.

(j) If cold ambient temperatures may affect starting reliability, a water jacket

leater or other siutable means shall be provided. Protective features shall include

ow oil pressure cut-out, high water temperature cut-out, engine overspeed shut-

lown, and overcranking protection if applicable.

i.7.9 Electric

6.7.9.1 Basis of specification requirements

(a) The specification requirements given herein are based on the use of either

lirect current or 60-Hz alternating current motors. When so stipulated, the bridge

hall be operated with direct current motors using variable-voltage control or adjust-

ble-voltage control or with alternating current motors widi control by semi-conductor

lements; in such cases the specification requirements shall be modified as specified

>y the company.

(b) For the operation of a vertical-lift bridge, the specification requirements

re based on the use of one hoisting machine to operate die bridge, or on die use

if two hoisting machines mechanically connected. Some special requirements are

lso given for tower-drive vertical-lift bridges which involve the use of independent

loisting machines at the ends of the span which are operated by alternating-

urrent motors electrically connected by means of synchronizing motors or syn-

hronizing controls to maintain the bridge in level position during operation. When
o stipulated, such independent hoisting machines shall maintain the span in level

losition during operation by means of special synchronizing controls; in such cases

be specification requirements shall be modified as specified by the company.

6.7.9.2 General requirements for electrical installation

(a) The company will state the electric power service which is available and

/ill give the location of the service point at which such service shall be obtained,

lie contractor shall provide the electrical installation complete from this service

ioint, including all equipment, wiring, and cables, except as otherwise stipulated

>y the company.

(b) The electrical equipment shall conform to the standardization rules of

he Institute of Electrical and Electronic Engineers, and of the National Electrical

lanufacturers Association.

(c) The National Electrical Code and local ordinances shall apply to the elec-

rical material, construction, and installation, except as provided odierwise herein,

n general, total voltage drops shall not exceed 5 percent at rated load for all elec-

rical equipment.

(d) Insofar as practicable, all major items of electrical equipment throughout,

uch as motors, control, etc., shall be products of the same manufacturer in order

o secure single responsibility and the most satisfactory sendee. All electrical equip-
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ment shall be equal to the best grade of that particular type of equipment made

by the leading manufacturers of such equipment.

(e) The contractor shall provide all grounds which may be required for the

electrical equipment and service.

(f) In order to prevent deterioration due to corrosion of parts of the electrical

installation other than electrical apparatus, all bolts, nuts, studs, pins, screws, termi-

nals, springs, and similar fastenings and fittings shall be, where practicable, of an

approved corrosion-resisting material, such as brass or bronze, or of a material

treated in an approved manner to render it adequately resistant to corrosion. Hot-

dip galvanizing of materials in accordance with the Standard Specifications of the

American Society for Testing and Materials for such materials shall be considered

such approved treatment. Corrosion-preventive treatment of electrical apparatus

shall be as stipulated by the company to suit the condition of exposure.

(g) Except as otherwise approved by the company, all metal parts of the

electrical equipment, including all conduits not furnished with a fused coating of

polyvinylchloride, shall be painted as specified for structural steel. For conduits and

similar parts where it is not practicable or convenient to apply paint in the shop,

the shop coat of paint specified shall be applied in the field, to be followed by the

required field coats.

(h) The contractor shall take insulation resistance readings on all circuits

installed, with electronic equipment disconnected, and shall furnish a complete

record of the results obtained. These circuits shall preferably include connected

motors when tested. Conductors rated 600 volts, or more, shall be tested with a 500-

volt instrument, and the resulting measurements shall be one megohm, or more.

Defective circuits shall be replaced at the contractor's expense.

(i) Provisions for emergency operation of power operated bridges, and standby

power for electrically operated bridges, shall be as specified in Art. 6.2.5 and 6.2.6,

respectively.

6.7.9.3 Working drawings

(a) In addition to furnishing the data required in Art. 6.1.12, the contractor

shall make complete working drawings for the electrical equipment. The tracings,

or translucent copies thereof on cloth, shall become the property of the company

after they have been corrected to show the work as constructed. These drawings

shall include:

1. Complete wiring interconnection diagrams, giving complete termination

identification of wires and cables, sizes and numbers of all wires and

cables, and the make and capacity of all apparatus, including the ratings

of all impedances. Schematic diagrams shall include three-line power

diagrams showing the scheme of connections including detailed apparatus,

and complete control schematic diagrams which shall include the control

panels and the control console. The number of each wire and an indi-

vidual device designation for each electrical device or piece of apparatus

shall be shown on the control schematic diagram. This device desig-

nation shall be used to identify each piece of apparatus on all assembly

and installation drawings. Assembly drawings shall include locations to

scale of all external and internal identified components including terminal

blocks contained on or in the control panels, terminal boxes, and control

console.
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2. Complete conduit drawings, which show the physical routing and size of

each conduit and the number and size of each wire therein. These draw-

ings shall show the exact location and method of support of all conduits,

ducts, boxes and expansion fittings, and each conduit shall be given

an individual conduit designation.

3. The requirements of Art. 6.7.9.3 (a) 1 and 2 may be partially fulfilled by

use of a suitably coordinated conduit and cable schedule.

4. Installation drawings giving location of all cables, conduits, control panels,

control consoles, resistances, lamps, switches, and all other apparatus.

5. Sectional drawings of all cables showing all component parts and their

dimensions, and the material used, as stipulated.

6. Drawings showing the general construction and dimensions of all control

panels and the arrangement of all apparatus thereon.

7. Drawings showing the general construction and dimensions of the control

console and the arrangement of all apparatus thereon.

8. Certified dimension prints of all electrical apparatus.

9. Detailed construction drawings of all boxes, troughs, ducts, and raceways

other than conduit.

10. Complete curves for each span-driving motor showing the variation in

motor speed and motor currents with output torque, for each power point

on the controller and within the torque intervals determined by test as

specified in Art. 6.7.9.4.

(b) Special apparatus shall be designated by the manufacturer's name and

catalog reference.

6.7.9.4 Motor and generator tests

(a) One span-driving motor of each size or type used shall be subjected to a

complete test in accordance with the latest requirements of the National Electrical

Manufacturers Association Standards for Motors and Generators. At the option of

the company, certified complete test data of a motor of identical design will be

accepted in lieu of complete tests of the actual drive motors to be installed.

(b) For alternating-current motors the tests shall also include the determination

of the variation in speed and motor currents with motor torques from zero to the

maximum designed torque for the drive system. When stipulated by the company,

the speed-current-torque curve shall also be determined for overhauling torque and

include the effects of the motor control equipment. In addition, the speed-current-

torque relationship shall be determined for rotor shorted for wound rotor motors.

At the option of the company, some of these curves may be developed by the manu-

facturer's computer program.

(c) For direct-current motors the speed-current-torque relationship shall be

determined for each power point on the controller from an overhauling torque of

100 percent of full load to a driving torque of 200 percent of full load.

(d) Unless otherwise stipulated by the company, each of the other span-driving

motors shall be subjected to a short commercial test. Should the results of this test

indicate characteristics differing materially from those of the motor on which the

complete test was made, the contractor shall be required, at his own expense, to

make the necessary alterations, and to run complete tests to demonstrate the final

characteristics.
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(e) For tower-drive vertical-lift bridges with synchronizing motors, the syn-

chronizing motors shall be subject to the test requirements for span-driving motors

except that where synchronizing motors and drive motors are of the same size and

type, only the short commercial test shall be made.

(f) Each electric motor other than the span-driving motors shall be subjected

to a short commercial test.

(g) Each generator shall be subjected to a short commercial test.

(h) Except as otherwise approved by the company, all motor and generator

tests shall be made in the presence of the company's inspector.

(i) The contractor shall furnish six certified copies of reports of the motor

tests and of all tests of other electrical parts which are required to be tested.

6.7.9.5 Motor torque for span operation

(a) The locked-rotor and breakdown torques of a-c motors shall be those

specified by the National Electrical Manufacturer's Association.

(b) The torques of the motors shall be as follows:

1. One-motor installation:

The rated full-load torque of the motor shall be not less than 80 percent

of the maximum bridge-starting torque, and the maximum torque peaks

that occur when the bridge is accelerated to the required speed, using

the specified bridge control, shall preferably not exceed 180 percent of

the rated full-load torque of the motor.

2. Two-motor installation, with no provision for operation of the bridge

with a single motor:

The two motors jointly shall meet the requirements given in par. (a) for

one motor.

3. Two-motor installation, with provision for operation of the bridge with

one motor in not more than 1.5 times the times of openings specified in

Art. 6.3.6.

(c) When stipulated or approved by the company, the determination of the

size of motor may be for conditions less severe than the maximum conditions

specified in Art. 6.3.6.

(d) The maximum bridge-starting torque shall be determined in accordance

with the requirements of Art. 6.3.6.

6.7.9.6 Number of motors

(a) If the total power necessary at the motor shaft to move the bridge under

Condition A, of Art. 6.3.6 at the required speed exceeds 50 hp, consideration shall

be given to the use of two span-driving motors, alike, with provision for operation

of the bridge by one motor.

(b) Except as otherwise stipulated by the company, the rail locks, the span

locks, the end wedges of a swing span, and the center wedges of a swing span, shall

be operated by one or more motors separate from and independent of the span-

driving motors.

6.7.9.7 Synchronizing motors for tower-drive vertical-lift bridges

(a) When synchronizing motors are used on tower-drive vertical-lift bridges

to maintain the bridge in level position during operation, the total full-load rated

torque of the synchronizing motors on each tower shall be not less dian 50 percent
of the total full-load rated torque of the span-driving motors on each tower.
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6.7.9.8 Speed of motors

(a) The speed of span-driving motors shall not exceed 900 rpm. The speed

of integral-horsepower motors for operation of rail locks, bridge locks and wedges

shall not exceed 1200 rpm. For gear motors of 10 hp or less, fractional horsepower

motors and motor generator sets, the speed shall not exceed 1800 rpm.

6.7.9.9 Motors—general requirements

(a) All motors shall be of the totally inclosed crane, hoist or mill type, except

when the size specified cannot be obtained, or unless authorized by the company,

and shall be constructed as nearly waterproof as practicable. Motors subjected to

atmospheric conditions shall be totally inclosed, waterproof; and non-ventilated if

subjected to reduced speed duty. Motors installed in weather-protected houses

may be drip proof or protected type. Unless otherwise stipulated by the company,

motor windings shall be impregnated with a moisture-resisting compound to in-

crease the resistance to excessive moisture, and span drive motors shall have em-

bedded winding temperature-sensitive devices. A drain hole shall be provided in

the bottom of the motor frame and, where feasible, heaters shall be built in. Motors

whose frames tilt during the operation of the bridge shall have ball or roller bearings

arranged with provisions for flushing. Span motors shall be capable of stalled opera-

tion for two minutes with motor control equipment functioning normally for seating

torque. Primary and secondary conduit boxes for span drive motors shall be

split-cast, fully gasketed, with a lead bushing and a threaded conduit hole sized two

inches or larger.

(b) Direct-current motors shall be series, compound, or shunt wound, as re-

quired by the performance specified, and shall have commutating poles. If the

motors are to be used for dynamic or regenerative braking, they shall perform that

function without injurious sparking or temperature rise. Span-driving motors shall

conform to the requirements of the AISE standards for mill motors.

(c) Alternating-current motors shall be induction motors, suitable for the

service characteristics specified, and conforming to the requirements of NEMA.
Span-driving motors preferably shall be of the wound-rotor crane type; motors other

than span-driving motors preferably shall be of the squirrel-cage type.

6.7.9.10 Heating requirements for motors

(a) All alternating-current span-driving motors and motors used directly or

indirectly in conjunction with the span-driving motors shall be capable of delivering

their rated output continuously for at least 30 minutes without exceeding 80 deg C
rise in temperature for Class B insulation measured by resistance, or 70 deg C rise

if so stipulated by the company.

(b) All direct-current motors shall be capable of delivering their rated output

continuously for at least 30 minutes without exceeding 80 deg C rise in temperature

measured by resistance, or 70 deg C rise if so stipulated by the company.

(c) Motors other than span-driving motors shall be rated on the basis of 15

min, provided that their running time during a single opening of the bridge does

not exceed 30 sec.

(d) If the maximum one-hour ambient temperature exceeds 40 deg C, the

temperature rise requirements of this Article shall be adjusted accordingly.

6.7.9.11 Gear motors

(a) Gear motors shall preferably be provided with an extension of the high-

speed shaft to allow hand operation of the mechanism. All gears shall be lubricated
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by immersion in the lubricant, and effective seals shall be provided to prevent the

lubricant from reaching the motor windings. Gear motors shall have not less than

a Class II rating as defined by the AGMA and shall carry an AGMA nameplate

stating the horsepower, service rating and service factor.

6.7.9.12 Engine-generators

(a) Engine-generators sets, either for primary or emergency power, shall con-

sist of an internal combustion engine and an electric generator, direct connected and

mounted on a common base. Separate units may be provided for supplying power

for span operation and for auxiliary services such as lighting, signals and similar

devices. If used as emergency power source, the lighting generator unit shall be

equipped with automatic starting upon failure of the normal power. The unit for

span operating power shall be started manually by a remote control switch.

(b) Engines shall, in general, conform to the applicable requirements of Art.

6.7.8.2 with additional controls as specified in paragraph (c) herein. The engines

shall develop adequate power to supply the maximum load, including motor starting

load, while maintaining speed within the specified range.

(c) Engine instruments and controls shall be mounted in a cabinet on the unit

and shall include gauges indicating water temperature, oil pressure and temperature,

vacuum for diesel engines, throttle control, start/stop switch for manual control,

manual emergency shut-down and indicating lights for low oil pressure, high water

temperature, overspeed and overcrank, and an alarm contact for sounding a remote

alarm in case of high water temperature, low lubricating oil pressure or failure to

start after four cranking cycles.

(d) Engine governor shall be of the centrifugal type providing 3 percent to

5 percent regulation from no load to maximum load.

(e) The generator shall be capable of supplying the maximum load, including

motor starting load, at suitable type of power with regulated voltage drop within

limits specified. It shall have a continuous rating with Class B insulation, 70 deg C
rise over 40 deg C ambient, drip-proof construction, and conform to ANSI and IEEE
standards.

(f) The exciter shall be direct connected, brushless type sized to furnish 10

percent excess excitation required at full operating load of generator.

(g) The generator control panel suitable for wall mounting shall contain the

following devices:

Three-position control switch "Off-Auto-Manual" for automatic starting units;

air circuit breaker; Voltmeter, Ammeter, and their switches; Frequency Meter;

Elapsed time meter; Automatic voltage regulator, Voltage adjustment rheostat; alarm

contacts for remote indication; automatic starting device when in "Auto" position

from automatic power transfer switch, if required.

6.7.9.13 Automatic electric power transfer

(a) If two sources of electric power are available, power for continuous serv-

ices, such as lights, navigation signals and others shall be transferred automatically

from the normal feeder to the standby or emergency source upon a failure of the

normal supply. Upon returning of the normal power to at least 90 percent of rated

voltage, the load shall be retransferred after an adjustable time delay of not less

than five minutes. Should the emergency source fail, the retransfer shall be instanta-

neous upon return of normal power. The automatic transfer switch shall be elec-
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trically operated, mechanically held with a single solenoid or motor mechanism

and separate arcing contacts. It shall be enclosed in a wall-mounted cabinet, with

circuit diagram on inside of door.

(b) If both power sources are external, one designated "Normal", the other

'Standby", an auxiliary switch shall permit using either of the two as the preference

source, if desired.

(c) If the standby source is an engine-generator set, the automatic transfer

switch shall be equipped with a pilot contact for remote automatic starting of the

sngine 3 seconds after normal source failure or after drop of any phase to 70 percent

>r less. The normal load circuits should not be disconnected during this 3-second

ielay. When the standby generator delivers not less than 90 percent rated voltage

md frequency, the load shall be transferred. After retransfer, the engine shall run

ive minutes and then automatically shut down. The transfer switch shall have a test

autton to simulate normal source failure.

6.7.9.14 Electrically operated motor brakes

(a) The brakes for the span-driving motors, designated in Art. 6.3.9 as the

'motor" brakes, shall be base-mounted shoe brakes which are held in the set posi-

:ion by springs with such force as to provide the retarding torques specified in Art.

5.3.9. Brake wheels for the motor brakes shall be mounted on the motor pinion

haft, or on a motor shaft extension.

(b) Brakes shall be designed for intermittent duty for the required retarding

orques. The brakes shall be designed to hold off when the current is on and to

ipply automatically when the current is cut off. Brakes for the span operation shall

)e provided with hydraulic, mechanical or electrical escapements, such that the

jrakes will not be applied simultaneously.

(c) The brakes shall be equipped with a means for adjusting the torque and

ihall be set in the shop for the specified torque. Each brake shall be provided

vith a nameplate which shall state the torque rating of the brake, and the actual

orque setting when it differs from the nameplate rating. Shoe-type brakes shall

>e so designed that it is possible to adjust the brakes or replace the shoe linings

vithout changing the torque settings.

(d) Direct-current brakes shall be released by thrustor units or shunt-coil

olenoids. Shunt coils shall have discharge resistors or surge suppressors so as to

ivoid high transient voltage upon opening of the shunt-coil circuit.

(e) Alternating-current brakes shall be released by thrustor units, or motor

)perators if so stipulated. Thrustor motors exposed to the atmosphere shall be totally

mclosed non-ventilated with special weatherproof insulation and conduit box.

(f) For shoe-type brakes the releasing mechanism shall be capable of exerting

i force of not less than 130 percent of the force actually required to release the

>rake when set at the specified torque setting, and at an ambient temperature of

ibout the minimum expected at the site of the bridge.

(g) The brakes for other motors shall be solenoid-released shoe-type brakes or

iry-type disk brakes. Brakes shall have an intermittent rating not less than the

ull-load torque of the motors with which they are used.

(h) All brakes shall be of a construction which insures uniform wear, and

ihall be provided with independent adjustments for adjusting lining wear, equalizing

:learance between friction surfaces, and adjusting the retarding torque. The brake

inings shall be of materials which are not affected by moisture. The solenoids,
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thrustor units, and motor operators shall be moisture proof. All fittings shall be

corrosion resisting. Thrustors for shoe-type brakes shall be provided with year-

around oil.

(i) Shoe-type brakes shall be provided with a hand release lever permanently

attached to the brake mechanism and arranged so that one man can operate the

releases easily and rapidly. Means shall be provided for latching the lever in the

set and released positions. Disk-type brakes shall be provided with a hand release

which can be latched in the released position; the hand release shall automatically

reset whenever the brake is energized.

(j) When brakes are located outside of the machinery house, they shall be

of weatherproof construction or shall be provided with a weatherproof housing.

The housing shall be arranged to permit operation of the hand release lever from

without the housing.

(k) If installed on the moving span, the brakes shall operate satisfactorily in

any position of the span.

(1) When stipulated by the company, brakes shall be provided with heating

elements to prevent the accumulation of moisture and frost, and for the addition

to limit switches for control, and lights to indicate the position of the brakes and

their hand release levers.

6.7.9.15 Electrically operated machinery brakes

(a) The brakes for the span-operating machinery, designated in Art. 6.3.9 as

"machinery" brakes, shall meet the requirements for the "motor" brakes, except as

otherwise herein provided.

(b) The brake wheels for the machinery brakes shall be shipped to the manu-

facturer of the machinery who shall press them onto the shafts.

6.7.9.16 Design of electrical parts

(a) Electrical parts, including wiring, switches, circuit breakers, controllers,

contactors, and all other apparatus shall be designed for operation of the bridge

using either normal or emergency power source for the span loads as specified in

Art. 6.3.6 and for the operating cycles and durations as specified in Art. 6.9.10 for

lift bridges. For bascule and swing bridges these parts shall be similarly designed

for bridge operation for the span loads as specified in Art. 6.3.6 and for 30-minute

continuous operating cycles of Condition B load for bascule bridges and 30-minute

continuous operating cycles of Condition A load for swing bridges.

(b) The temperature rise of all such parts under such operation shall not

exceed that for which the part is normally rated according to the requirements of

these specifications, including those of Art. 6.7.9.10 and Art. 6.7.9.38.

6.7.9.17 Electrical control

(a) Methods of electrical control of the span may be classified as "Master

Switch Control" and "Automatic Sequenced Control". Except for these differences,

the following features apply in general:

1. Separate controllers shall be provided for the span-driving motors, the

rail lock motors, the span lock motors, and the wedge motors.

2. When there are two main direct-current motors powering one output,

the control shall be series, parallel, or series-parallel as required, unless

the current is furnished by a storage battery, when the control shall be

of the series-parallel type.
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(b) The following features apply to master switch control:

1. When the rated horsepower of each span-driving motor is more than 75,

the control shall be of the full magnetic type. When the rated horsepower

of each span-driving motor is 75 or less, the control shall be of the full

magnetic, or semi-magnetic type, as stipulated by the company.

2. For full magnetic control, all span-driving and span brake circuits shall

be energized by magnetic contactors which are opened and closed by
control circuits wired through the master switch and operated by it.

Speed control of span operation shall be provided by accelerating

contactors

3. For semi-magnetic control, the control shall be as specified for full mag-

netic control, except that the speed control of span operation shall be

provided in whole or in part by opening and closing the motor circuits

directly by operation of the master switch.

4. Motor brakes shall be controlled through contacts on the master switches.

These contacts shall be so arranged that all motor brakes shall be held

released when power is applied to the span-driving motors.

5. When two motor brakes are used on a hoisting machine, a point of con-

trol for each motor brake shall be provided for each direction of travel

so that the motor brakes may be applied separately.

6. For tower-drive vertical-lift bridges, two points of motor brake control

for each direction of travel shall be provided when two motor brakes

are used for the hoisting machine in each tower.

7. Electrically operated machinery brakes may be controlled through con-

tacts on the master switch, or by a separate switch.

8 If the machinery brakes are controlled by the master switch, the con-

tacts shall be so arranged that all machinery brakes must be held

released when power is applied to the span-driving motors, except when
the seating switch is used, as hereinafter described. The sequence of the

master switch contacts shall be so arranged that the machinery brakes

may be applied by the operator whenever the span is coasting. One point

of machinery brake control shall be provided for each direction of travel

for all machinery brakes on a hoisting machine.

9. If the machinery brakes are controlled by a separate switch, they shall

normally be set, and shall be so arranged, that they must be released by

the operator before starting the bridge. They shall be held in releasi

during the entire operation unless the operator desires to use them while

coasting, or unless an emergency condition arises requiring brake power

in excess of that offered by the motor brakes, when they may be applied

instantly by the operator. This portion of the equipment shall be designed

so that it will not be injured if left in release indefinitely. When so

stipulated, the brakes shall be provided with not less than three steps

of retarding torque to permit partial application of the brakes. The
machinery brake circuits shall be independent of the general interlock-

ing system, and may be an electrically operated interlocking device

which will prevent the use of the span-driving motors and the machin-

ery brakes one against the other, except by the use of the seating switch

hereinafter described.
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10. A seating switch shall be provided for applying the machinery brakes

with power still on the motors, in order that the span may be drawn

tightly to its seat and held in that position. The seating switch shall be

convenient to the operator and shall be hand or foot operated.

11. For tower-drive vertical-lift bridges one point of control for each direc-

tion of travel shall be provided for all machinery brakes. In addition,

all machinery brakes shall be applied automatically if the span should

attain predetermined skew

12. Motors for rail locks, span locks, wedges, and other devices associated

with the movement of the span shall be controlled through magnetic

contactors energized by control switches independent of the master

switch.

(c) The following features pertaining primarily to span operation apply to auto-

matic sequenced control:

1. The normally required action by the operator consists of the initiation,

by one movement of a pushbutton or hand lever, for each of the several

major interlocked functions in sequence. Examples of sequenced steps

could include (1) actuate railroad signals, (2) pull rail locks, (3) pull

span locks, and (4) raise span.

2. Emergency actions by the operator could include operation of bypass

switches, selection of emergency mode of span operation, and skew cor-

rection following skew limit switch operation.

3. Span motor controls shall include all components as required to provide

motor protection against abnormal conditions, automatic controlled accel-

eration and deceleration, modulated speed control where applicable such

as tower drives without power synchronizing motors, adequate controlled

speed regulation to accommodate overhauling loads (negative torque or

regenerative braking loads), and other features to assure satisfactory

performance following a single movement of the initiating control switch.

4. Selection of motor and machinery brake types, and control arrangements,

shall assure time-sequenced brake application under all conditions.

5. Two modes of stopping span movement shall be provided: ( 1 ) normal

stop, with controlled electrical deceleration followed by brake application,

and (2) immediate power cutoff and application of brakes as initiated by
an emergency stop button.

6. Limit switch actions shall initiate deceleration prior to the "nearly open"

and "nearly closed" span positions with the control system designed to

accomplish reduction to slow speed when those positions are passed. Speed
limit switches shall be provided to detect span speed at the "nearly open"

and "nearly closed" positions. If span speed is within the normal limit of

the span, movement shall continue to completion; if not, power shall be

cut off and brakes applied, and a reset operation of the overspeed circuit

shall be required before span movement can be resumed.

7. During final seating, the motor torque shall be reduced and the brakes

shall remain in released position until the span is tightly seated, after

which the brakes shall set and the motors disconnected.

8. Tower-drive lift bridges arranged for automatic sequenced control shall

have two independent skew limit switches, connected in series, and in

effect for each span mode of operation.



Manual Recommendations 315

9. As stipulated by the company, the drive system may include alternating-

current or direct-current motors controlled by semiconductor devices,

saturable reactors, or contactors and impedances.

6.7.9.18 Speed control for span-driving motors

(a) The controllers for all span-driving motors with master switch control shall

provide for speed control of the motors. In general, not less than six steps of acceler-

ation shall be provided. These steps shall be such that the motor torque will differ

as little as practicable from the average torque required for uniform acceleration

from zero speed to full speed. The steps of acceleration shall be such that the bridge

will start slowly and will accelerate and decelerate smoothly and without excess

torque when under the smoothest friction conditions and without wind or other

extraneous unbalanced load; and will accelerate and decelerate similarly when the

motors are carrying their maximum loads. Separate resistors shall be provided for

each motor.

6.7.9.19 Full magnetic control

(a) The following features apply to full magnetic control with master switch:

1. Master Switches

Master switches for the span-driving motors shall be cam-operated reversing

switches with a single handle, and provided with necessary contacts and contact

fingers for operating the magnetic contactors. The contacts and wearing parts shall

be easily removable and replaceable. The controller shall provide for speed control

of the motors.

2. Parallel or Series-Parallel Operation

For parallel operation for alternating current, and for constant potential parallel

or series-parallel operation for direct current, there shall be separate reversing con-

tactors and separate resistors for each motor. When two motors are connected to

one hoisting machine, accelerating contactors shall be common to both motors,

unless otherwise stipulated by the company. For three-phase alternating current,

each phase shall have its own resistors, so designed as to give balanced current

in all three phases. Certain of the acceleration contactors shall be controlled by

acceleration relays, such that the torques specified in Art. 6.7.9.5 are not exceeded.

When common accelerating contactors are not used, the acceleration contactors shall

be so designed, or electrically or mechanically connected, that corresponding cir-

cuits in each motor control will be made simultaneously, and that in the event

of one motor being cut out, the control for the motor in service will operate

satisfactorily.

3. Acceleration Relays

Adjusting plugs, screws, and nuts, including time-limit adjustments, shall be

easily accessible, to allow the relays to be adjusted for the proper timing intervals

between acceleration steps. The contacts shall be removable without disturbing

the setting of the relays.

4. Reversing of Motors

Magnetic contactors of the shunt type for reversing the motors shall be in-

stalled, with a forward and a reverse pole for each motor conductor.

6.7.9.20 Semi-magnetic control

( a ) For semi-magnetic control, a master switch of the drum type shall provide

for reversing the motors by contactors controlled by contacts on the master switch,
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The accelerating contacts of the master switch shall carry the secondary current

at the step applied without exceeding a temperature rise of 30 deg C, and when

the motors are operating at full-load torque, or at stalled torque if it is less. Re-

versing contactors, and accelerating contactors used in conjunction with the accel-

erating contacts of the master switch, shall meet the requirements of Art. 6.7.9.27.

(b) For control of motors in parallel the switches shall be interconnected

so that all switches will be operated simultaneously by one handle. The controllers

shall be so arranged that the operation of one motor may be cut out without

affecting the operation of any other motor.

6.7.9.21 Resistances and reactors

(a) Resistors for motor control shall, unless otherwise stipulated, be non-

breakable, corrosion-resistant edgewise-wound or punched-grid resistor units. The

resistors for the span-operating motors, unless otherwise specified, shall be of a

capacity equal to National Electrical Manufacturers Association intermittent cycle

rating providing for 15 sec on out of each 45 sec. With the resistors there shall be

furnished a steel frame on which the units or sections shall be so mounted as to

be free from injurious vibration and to permit free circulation of air around them;

and so that any unit or part of a unit may be removed and replaced without

disturbing the others. The units shall be insulated from their supports.

(b) For wound-rotor motors with secondary resistance control, the controller

shall be so arranged that a small amount of resistance shall always be left in the

rotor circuits of each motor. This permanent resistance section shall be adjustable

after installation, and shall be proportioned for continuous duty.

( c ) Reactors for secondary control of wound-rotor motors shall be arranged

to present the same reactance to each motor phase, and they shall be so mounted
as to be free from injurious vibration, to prevent free circulation of cooling air,

and to be protected from any possible dripping liquids from above.

6.7.9.22 Switches for limiting travel and speed

(a) For the span lock, rail lock, end wedge, and wedge motors, limit switches

shall be provided which will stop the motors and set the brakes automatically at

each end of travel.

(b) For the movable span with master switch control, limit switches shall

be provided which will cut off the current from the span-driving motors and set

the brakes so as to stop the span in the "nearly closed" and "nearly open" positions.

It shall then be necessary to return the controller handle to the "off" position in

order to by-pass the limit-switch contacts and regain control of the span to fully

close or fully open the bridge. If so stipulated, relays shall be provided which will

prevent the by-pass from functioning until a predetermined time after the brakes
have set. Additional limit-switch contacts shall be provided to stop the span in the

"fully open" position, and for swing bridges, if so stipulated, in the "fully closed"
position. Unless otherwise specified, the "nearly closed" and "nearly open" positions

shall be taken to be 6 ft from the "fully closed" and "fully open" positions.

(c) For vertical-lift and bascule bridges, fully seated switches shall be pro-
vided, which shall indicate to the operator that the bridge is fully closed.

(d) For tower-drive vertical-lift bridges, "skew" limit switches mechanically
connected to the machinery on the two towers, or equally effective switches of
other type, shall be provided which will cut off the current from the main motors
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and set the brakes so as to stop the span whenever it is more than a prescribed

amount out of level.

(e) All limit switches exposed to the weather shall be water-tight, and all

exposed parts shall be corrosion resisting. Where plunger-type limit switches are

used for fully seated switches, they shall be weatherproof and shall be provided

with cast or malleable iron inclosures and stainless-steel operating rods.

(f) To protect from malfunctions during overhauling loads, electrically oper-

ated swing and bascule bridges, and preferably lift bridges, shall include an over-

speed limit switch to stop span movement whenever normal span speed is exceeded.

6.7.9.23 Interlocking

(a) The operating mechanisms of all movable bridges shall be so interlocked

that the operation of all devices can be performed only in the prescribed sequence.

(b) There shall be provided emergency bypass switches which will free the

various motors from the prescribed interlocking in case of an emergency. These

switches shall be mounted on the control desk or on the main switchboard so as to

be within convenient reach of the operator. Each such emergency switch shall be

sealed in the "off" position.

(c) Auxiliary power units and main power units shall be interlocked to pre-

vent either from being operative while the other is in service.

(d) Motor and machinery brakes shall be provided with limit switches so

arranged that the bridge shall be inoperable whenever any brake or combination

of brakes shall be released by hand, such that the available braking torque left in

service would be insufficient to meet the requirements in Art. 6.3.9.

6.7.9.24 Switches

(a) An enclosed switch or circuit breaker shall be provided as a disconnect

for the supply feeder, with a pole for each ungrounded conductor. A similar switch,

or a circuit breaker capable of being operated as a switch, shall be provided as a

disconnect for each motor, light, signal or other circuit.

(b) Main disconnect switches shall be of not less than 60 amp capacity.

(c) Toggle and tumbler switches shall be of corrosion-resistant construction

and they shall be of not less than 20 amp capacity

6.7.9.25 Circuit breakers and fuses

(a) An automatic circuit breaker shall be placed in the supply line and be

arranged with undervoltage release or trip coils to permit provision of undervoltage,

reversal, and loss of phase protection. Where the supply has very large short circuit

capability, suitably rated current limiting fuses may be provided in a disconnect

switch ahead of the automatic circuit breaker, or otherwise incorporated into its

design to accomplish alternate suitability. Wherever practicable, circuit breakers

shall be used to provide short-circuit protection for all wiring circuits. Molded case

circuit breaker selection shall include a comparison of either the short-circuit inter-

rupting ability of the Ft rating (the integral of the square of the short-circuit cur-

rent, I, with respect to time, t, for the period of interrupting time duration), with

the respective short-circuit capacity of the Ft rating of the supply source connection.

They shall not be applied to circuits with possible short-circuit duty in excess of 60

percent of their rated interrupting ability; or, if preceded by current limiting fuses,

their permissible Ft source rating shall be at least 125 percent of the rated Ft

let-through of the preceding fuses for the particular application. There shall be
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such a protective device in each motor, brake, light, signal, indicator or other circuit.

When fuses art- used, they shall generally be of the dual element or current limiting

type.

(b) All circuit breakers shall be air-break type for 600 v and less. For circuits

above 600 v, either air-break, vacuum break, or oil-immersed circuit breakers shall

be used as required by the service conditions. Breakers shall have a pole for each

phase wire feeding through the breaker, an overload device consisting of a thermal

or magnetic element for each pole, and a common trip.

(c) Circuit breakers shall not be used for motor overload protection or for

limiting the travel of any mechanism.

6.7.9.26 Contact areas

(a) For custom-designed electrical equipment such as slip rings for swing

bridges, line contacts shall be avoided where practicable. The current per square

inch of contact area shall not exceed 50 amp for spring-held contact, or 100 amp

for bolted or clamped contact.

6.7.9.27 Magnetic contactors

(a) Magnetic contactors shall have an 8-hr rating not less than the current

through the contactor when the connected apparatus is operating at rated load.

Magnetic contactors shall be of the shunt type, and shall be quick-acting. All

contacts shall be well shielded to prevent arcing between them and other metal

parts near. Copper contacts shall have a wipe. The contactors shall have double-

break features or shall have magnetic blowouts or equivalent means for rapidly

quenching the arc. Contacts shall be designed so as to be readily accessible for

inspection and repair. The contactors shall have a minimum number of parts, and

all steel parts shall be corrosion resistant. No magnetic motor starters shall be of

less than 25-amp rating.

6.7.9.28 Overload relays

(a) Overload relays, automatic or hand reset as specified, shall be used in each

phase or d-c circuit for overload protection of all motors.

(b) Unless other means are provided for limiting die maximum torque which

span-driving motors deliver, an instantaneous magnetic overcurrent relay shall also

be provided in each motor circuit which shall de-energize all motors when the safe

torque is exceeded.

6.7.9.29 Shunt coils

(a) If shunt coils are used, in particular with brakes and magnetic contactors,

the insulation shall be such as to withstand the induced voltage caused by cutting

off the current.

6.7.9.30 Instruments

(a) A line voltmeter, ammeters for span-driving motors, and a power bus

wattmeter, shall be provided and mounted on the control console. A voltmeter switch

shall be provided which will allow the voltage between any two phases, and also

the voltage between any phase and ground, to be measured. Instruments shall be
of the rectangular illuminated type and shall be flush-mounted and back-connected.

6.7.9.31 Protection of apparatus

(a) The electrical apparatus shall be protected from the weather and from
accumulations of dirt.
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6.7.9.32 Cast iron in electrical parts

(a) Cast iron, unless malleable, shall not be used in switches and small elec-

trical parts.

6.7.9.33 Position indicators

(a) In order that the operator may know the position of the moving span at

all times, there shall be provided synchronous position indicators of the high-

accuracy type guaranteed within plus or minus 1 deg. The transmitters shall be

geared to the trunnion shafts, counterweight sheave shafts, or machinery shafts,

as is most suitable for the particular installation, and the receivers in the control

console shall be geared to the indicators. The gearing shall be arranged so as to give

the greatest practicable accuracy in indication.

6.7.9.34 Indicating lights

(a) There shall be furnished and installed on the control console indicating

lights of suitable colors which will show to the operator the various positions of

the span, especially die fully closed, fulls- open, nearly closed, and nearly open

positions, and also the closed and open positions of the span locks, rail locks, and

end wedges. Indicating lights shall also be provided to show the released position

of each span brake, the overload or overheat tripping of span drive motors, and the

status of other functions as required to alert the operator to important emergency

conditions.

(b) If stipulated, indicating lights may be oil-tight "push-to-test" type.

6.7.9.35 Control console

(a) The span shall be operated from a control console on which there shall be

located the switches for the span-operating motors and for the lock, end lift and

wedge motors; seating switches; by-pass switches, instruments; position indicators;

indicating lights; and all otiier control devices and apparatus necessary or pertinent

to the proper operation and control of the span and its auxiliaries by the operator.

(b) The control console shall be so located in the operator's house as to afford

the operator a clear view in all directions. The console shall be of cabinet-type con-

struction with a horizontal front section about 36 inches above the floor and an

inclined rear instrument panel set at such a slope that the meters can be read from

average eye level without parallax and without reflection from the glass instrument

cover. The plan dimensions of the console and the arrangement of equipment on the

console shall be such that all control devices are within easy reach of the operator.

The top of the console shall be of ebony asbestos compound not less than 1% inches

thick or of a laminated phenolic compound not less than 1 inch thick, and of

equal physical and electrical strength. Edges shall be beveled and neatly finished.

Where stipulated by the company, the top of the console may be of Xo. 10 U.S.

Standard gage stainless steel with a non-reflecting finish. The horizontal and sloping

sections of the top shall be accurately cut to insure a close fit.

(c) The console frame shall be constructed of sheet steel of not less than No.

11 U.S. Standard gage. All corners and edges of the console shall be rounded, and

the sheet steel shall be reinforced by flanging the metal into angle and channel

sections. All connecting sections shall be properly joined by either continuous seam

welding or spot welding to provide a rigid free-standing structure. All outside sur-

faces shall be smooth and without visible joints, seams or laps. The bottom of the

console shall be left open. The supporting flange on the inside of the console frame
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at the bottom shall be provided with suitable holes for bolting the console to the

floor. Suitable brackets and angles shall be provided on the inside of the console to

support the top and the equipment mounted thereon.

(d) The control console shall be provided with hinged doors on the front, and

with doors, removable panels, or fixed panels on the back and sides, as stipulated

by the company, to suit the requirements of the installation. All doors shall have

flanged edges well rounded and shall be flush-mounted on concealed hinges. The
hinges shall incorporate jambs to limit the swing of the doors. The doors shall be

fitted with sturdy, three-point latches operated by flush-type, chromium-plated han-

dles. The doors shall be assembled accurately and shall have a clearance not ex-

ceeding /g inch at any point.

(e) In the "off" position, master-switch handles shall be toward the front

of the console. For bascule and swing bridges, the direction of rotation of each mas-

ter switch shall be such that when it is moved from the "off" position, the span, as

seen by the operator, will move in the same direction as the master-switch handle.

For double-leaf bascule bridges, the switches shall rotate opposite. For vertical-lift

bridges, clockwise rotation shall raise the bridge.

(f) The seating switches, if foot-operated, may be supported to the outside

of the console or may be set in a suitable recess at the bottom of the console. If a

foot recess is used, it shall be rounded at the top to a 1^-inch radius.

(g) All outgoing control connections from the console shall be brought to suit-

ably marked barrier-type terminal boards supported on straps securely attached to

the console frame. The terminal boards shall be so located that they do not interfere

with access to the inside of the console through the doors. All wires shall be brought
from the terminal boards to tiieir respective terminals in a neat and orderly arrange-

ment, properly bunched and tied. All wires shall be copper.

(h) The console when finished shall be given one coat of moisture-resisting

primer and one coat of filler on all surfaces. The outside surfaces shall be given a
finished coat of dull lacquer of a color to be stipulated by the company. The hori-

zontal console top shall not be painted.

(i) The console interior shall be suitably lighted and the lights controlled from
a switch on the console.

(j) Each piece of equipment and each indicating light on the control console
shall have a properly engraved metal or lamicoid nameplate showing white charac-
ters on a black background. The designation on the nameplates shall correspond
with that shown on the wiring diagrams.

6.7.9.36 Control panels

(a) Control panels shall be of inclosed, dead-front, free-standing construction,
NEMA Type 1 or better. All disconnect switches, circuit breakers, contactors, relays,
rectifiers, instrument transformers, and other electrical equipment for the control
of the span and its auxiliaries shall be mounted on or in the control panels.

(b) The control panels shall be constructed of sheet steel of not less than No.
11 U.S. Standard gage, generally as described in Art. 6.7.9.35 for the control
console. Equipment mounted at the bottom of the panel boards shaU clear the floor
by at least 6 inches. Except for front-connected or wall-mounted panels, there shall
be a distance of at least 2% ft between the wall and the back of the panelboard.
Open control panels, if stipulated, shall be installed in a separate room provided
with a lockable door.
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(c) The control panels shall be designed and installed with a view to the safety

of the operator. The equipment shall be so arranged as to be easily reached and

operated and to give a neat and attractive appearance.

(d) Control panels shall be either back wired, or front wired. All intercon-

nections shall be made by either copper bus bars or insulated cables of equivalent

current-earning capacity. All wiring at boards shall terminate in terminal strips

supported in a substantial manner, and all conductors shall be copper.

(e) Each piece of equipment on the board shall have a properly engraved

nameplate, as specified for the control console.

6.7.9.37 Control panel enclosures

(a) Enclosures for panelboards shall, unless otherwise specified by the corn-

pan)', be general-purpose enclosures conforming to the requirements of the National

Electrical Manufacturers Association for Type 1 general-purpose enclosures. The
cabinet shall be provided with suitably arranged doors to give access to the front

of the board, and either doors or removable panels to give access to the back.

The cabinet, including doors and panels, shall be of sheet steel of not less than

Xo. 11 U.S. Standard gage, welded and flanged in a manner that will result in a

rigid free-standing structure, and shall be treated to resist corrosion, and finished

in the manner specified for the control console.

6.7.9.38 Electric wires and cables

(a) The quality of the wires and cables, and their insulation and covering,

shall conform to the requirements of the IPCEA-XEMA Standards. When these

requirements do not apply, wires and cables shall conform to the requirements of

the ASTM.

(b) In general, unless otherwise stipulated, all wires external to the control

console and control panels, shall be protected by conduit, armor, or suitably jacketed

and shall be rubber-insulated, rubber-jacketed wires with insulation of not lesser

quality than Synthetic Rubber, Moisture-Resisting 60 C; or Types THWX or XHHW.
(c) Insulated wire for connections on die backs of control panels and in control

consoles shall be thermoplastic insulated wire conforming to the Underwriters'

Laboratories requirements for Type THWX Wire, 600 v.

(d) Insulated wires for connections to the motor resistance grids shall be

all-asbestos switchboard wire, or shall be thermoplastic-insulated asbestos-covered

wire conforming to the requirements of the Underwriters' Laboratories for T>pe TA
Wire, 600 v. Such asbestos-covered wires shall preferably be connected to the

general purpose type wires within approximately but not less than five feet, and

they shall be run between this connection and the resistors in separate conduits.

(e) All wires shall be stranded copper. Xo wires smaller than No. 12 AWG
shall be used except that Xo. 14 AWG will be permitted for connection to internal

control components where die use of Xo. 12 AWG would be unpractical for control

console, control panel, or interlocking device wiring.

(f) The ends of all wires No. 8 AWG gage and smaller shall have solderless

high compression indent type terminals where they terminate at control panels,

control consoles, terminal strips, lighting panels, junction boxes, and similar points.

Similar connections for larger wires shall terminate in pressure lugs or screw-type

solderless connectors.

(g) Vertical runs of metal-clad cable should be limited to 30 ft.
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6.7.9.39 Tagging of wires

(a) Wires shall be numbered and die number permanently marked on durable

fiber tags, or on metal or plastic bands with protective heat-shrunk protective sleeving

so that any wire may be traced from terminal to terminal, or as stipulated. The

numbers used shall correspond with tiiose shown on the wiring diagrams.

6.7.9.40 Wire splices

(a) Conductors shall be continuous from terminal to terminal. Splices may be

used only where the terminations stipulated in Art. 6.7.9.38 (f) would be imprac-

tical. Where splices are necessary they shall be neatly and carefully made. They

shall be made mechanically and electrically secure before soldering. They shall

be wrapped with rubber tape and friction tape and painted with waterproof insu-

lating varnish. Splices shall not be inside a conduit.

6.7.9.41 Raceways, metal conduits, conduit fittings and boxes

(a) Except as otherwise stipulated by the company, conduits shall be hot-dip-

galvanized, standard weight steel or alloy steel pipe, widi a factory-fused and

bonded polyvinylchloride plastisol coating if specified, and shall be not less than

% inch in diameter. All couplings, locknuts and bushings shall be standard screw

type; setscrew type couplings, locknuts and bushings shall not be used. All bushings

shall be the insulating type. Conduit entrances to sheet metal inclosures shall have

sealing O-rings or liquid-tight hub fittings.

(b) The size of a conduit shall be such tiiat the total areas of the wires,

including insulation, shall not exceed the percentage of the area of the conduit

specified by the National Electrical Code. To lessen the inductive effects, the phase

wires in alternating-current motor circuits shall be placed close together in one

conduit. The circuits for not more than three alternating-current motors shall be in

one conduit.

(c) Suitable conduit outlet boxes, junction and pull boxes, ells, and other

fittings shall be used with conduits. All boxes, oudets and other fittings shall be of

cast iron or malleable iron of sufficient thickness to permit the conduit to be threaded

into the fitting, and shall be galvanized. All boxes and other fittings must be weather-

proof throughout, in particular at conduit connections, be free from rough edges and
rough surfaces, and unless otherwise stipulated they shall be of NEMA Type 4
construction unless housed in a room. Large boxes, for which cast iron or malleable

iron is not practicable, may be built of steel plates and angles not less than 3/16
inch thick, with all joints continuously welded. All boxes shall be provided with
drain holes.

(d) Bends in conduits shall be used sparingly. The total angle of all bends
in one conduit run shall not exceed 270 deg and preferably 180 deg. If the conduit
is bent, the radius of the bend to the center of the conduit shall be not less than 8
times the inside diameter of the conduit; this does not apply to factory ells. All

conduits shall have drain holes which shall be placed in tee-connections located
at the low points of the conduits. So far as possible, all conduits shall be run in

lines parallel and perpendicular to the principal lines of the house and structure.

All embedded conduits shall be carefully rodded after placing, with a device that
will insure that the whole interior surface of the conduit is free and clear of obstruc-
tion. The conduit shall be protected by conduit closures or pipe caps until wires
are pulled and conduit is closed.
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(e) Conduits shall be firmly clamped to the structure to prevent rattling and

shall be so placed that dirt will not accumulate around them. Supports shall be on

not more than 6-ft centers. There shall be at least 1 inch clearance between conduits,

and at least 4 inch clearance between conduits and the supporting structure. Ade-

quate provision for the movement of conduits shall be made wherever conduits

cross expansion joints in the supporting structure, and conduit runs between the

bridge and solidly based structures, such as piers and operator's houses, shall include

at least one foot of liquid-tight flexible metal conduit at the interface.

(f) Conduit connections to motors, generators, limit switches, brakes, and as

otherwise stipulated, shall include a minimum of 18 inches of liquid-tight flexible

metal conduit.

(g) Where bridges have a relatively large amount of equipment and an ex-

tensive control system, consideration shall be given to the use of wireways or

continuous rigid cable supports instead of exclusive use of conduits above the control

panels and connecting with the control console. When wireways are used, they

shall be full lay-in type and at least 8 by 8 inch cross-section and preferably 12 by
12 inch to adequately accommodate recommended bending radii of all cables. If

continuous rigid cable supports are used, all cables so supported shall be installed

in accordance with, and meet the requirements of, the NEC. Wireways and trays

shall not be used outside of the operator's house.

6.7.9.42 Electrical connections between fixed and moving parts

(a) Electrical connections for carrying current between fixed and moving parts

shall be made as stipulated or approved by the company for each particular installa-

tion, and may be by means of flexible cables, collector rings, sliding or rolling

trolleys, as generally indicated below, or by other suitable methods.

1. Flexible Cables

The conductors in flexible cables shall have extra-flexible stranding. In general,

the cables shall be connected to terminal strips in junction boxes at which the

wiring in conduits terminate. Short cables with relatively small movement of the

moving part with reference to the fixed part, such as cables extending from a fixed

pier to a fender not rigidly attached to the pier, shall be extra-flexible round portable

cable covered with a neoprene jacket or protected with corrosion-resistant metal

armor. Long cables with relatively large movement of the moving part with refer-

ence to the fixed part, such as vertical cables hanging in a loop between the end

of a vertical-lift span and a tower, shall be special, rubber-insulated flexible cables

covered with a special neoprene jacket internally reinforced with strong cotton

twine to aid in carrying the weight of the cable. Such cables shall be suspended

from segmental supports arranged to insure against any sharp bends in the cables

as the span moves.

2. Collector Rings

On swing bridges the connection between the fixed part and the swing span

may be made through shoes sliding on circular collector rings attached to the center

pivot. The collector rings shall be protected by a removable metal casing.

3. Sliding and Rolling Trolleys

(b) On vertical-lift bridges, the connection between the lift span and the

towers may be made through trolleys with sliding or rolling shoes moving along

vertical tracks supported on the towers. For sliding shoes, the track for each
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conductor shall consist of a flat copper contact strip not lass than Y* inch thick

supported continuously on a rolled steel section of adequate size and so supported

from the tower as to secure a rigid track during operation. For rolling shoes, the

track for each conductor shall consist of a grooved copper trolley wire supported

at close intervals on a continuous wood strip attached to a steel section. Means

shall be provided to put the trolley wire in tension so as to secure a rigid track

during operation. The rolling shoes shall be standard trolley wheels. Twin sliding

or rolling shoes shall be provided for each conductor in order to secure good

contact during ice and sleet conditions. The twin shoes shall be supported on a

trolley arm so designed as to hold the shoes against the track by a spring or by

gravity and to provide full contact between the shoes and the track under extreme

lateral and longitudinal movements of the span.

6.7.9.43 Electrical connections across the navigable channel

(a) Electrical connections for carrying current across the navigable channel

shall be made as stipulated or approved by the company for each particular installa-

tion. They shall generally be made by means of submarine cables but may be made
by overhead cables, particularly for vertical-lift bridges. The voltage, the number

of conductors in each cable, the size and number of strands in each conductor, the

exact construction of the cable, and other data special to the location shall be as

specified by the company for each bridge. In general, each cable shall provide a

number of spare conductors. Installations shall conform to the general requirements

which follow.

1. Submarine Cables

Submarine cables shall be armored with spiral-wound galvanized-steel wire

armor and, if so stipulated, covered with a neoprene jacket. The individual wires

shall meet the requirements specified in Art. 6.7.9.38. Submarine cables may be

lead-covered but preferably shall be provided with conductor insulation suitable

for submarine use without the use of a lead sheath. Unless otherwise stipulated,

they shall be placed at least 5 ft below the bed of the channel. The cables shall

be long enough to provide ample slack.

2. Overhead Cables

Overhead cables shall be jacketed with neoprene or other superior jacketing

compounds resistant to weather and to aging. The individual wires shall meet the

requirements specified in Art. 6.7.9.38.

Each cable shall be suspended from a messenger strand at intervals of not

more than 18 in. The messenger strand shall be strung with such a sag as required

to safely support the entire construction under various conditions of ice, wind, and
temperature, appropriate for the location of the bridge. All messenger strands

shall be of high-strength material and shall be adequately anchored to steel frame-

work at their ends. Messenger strands, cable hangers, and all accessories shall be

protected against corrosion in such manner as to insure a service life not less than

that of the overhead cable.

6.7.9.44 Service lights

(a) A complete electric fighting system shall be installed for the operator's

house, machinery house, stairways, vertical-lift span tower tops, signals, machinery,

the end lifting and locking apparatus, and at all other points where periodic inspec-

tion or maintenance of equipment is required. The lighting systems shall be designed
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to produce at least the following intensities: operator's house, 30 fc; machinery

house, 20 fc; unhoused machinery, 15 fc; and walkways and stairways, 20 fc.

(b) Lighting may be fluorescent, incandescent, or mercury vapor type. All fix-

tures fitted with incandescent lamps smaller than 100 w shall be so equipped that

lamps up to 100 w can be used, and the sizes of conductors shall be based on a

minimum of 100 watts per fixture.

(c) The lights in the control house shall preferably be arranged for dimming
adjustment from the control console. In machinery houses, there shall be fixed

pendants of suitable length with inclosed fixtures or fire-enameled steel dome
reflectors. For exterior lighting, vapor-tight, fire-enameled steel dome reflectors or

enclosed mercury vapor fixtures shall be provided. Lampholders shall generally

have porcelain sockets of the shock-absorbing type.

(d) Convenience outlets shall be provided in each room of the operator's house;

in machinery houses; at the bridge lock, rail lock, and wedge machinery; at sub-

marine cable terminal cabinets; and at all locations where occasional inspection or

maintenance of equipment is required. They shall be of the twin-receptacle, 3-wire,

grounding type. Outlets exposed to the weather shall be weatherproof, and all

exposed parts shall be corrosion-resisting. There shall be furnished two extension

cords, each about 30 ft long, which shall be heavy rubber-jacketed cord, with hand

lamps and guards fitted with a 100 w lamp and with a plug to fit the receptacles

specified above.

6.7.9.45 Navigation lights

(a) Navigation lights shall be provided in accordance with the requirements of

Art. 6.1.9.

(b) All navigation light units on the movable span and on fenders shall be

capable of withstanding shocks and rough treatment, and shall be completely

weatherproof. Unless otherwise specified, the bodies shall be bronze and the lenses

shall be fully gasketed. They shall be provided with shock-absorbing porcelain

sockets and shall preferably have lamps rated below 15 volts.

6.7.9.46 Circuits

(a) Circuits shall be classified as follows:

1. Power circuits

Motors

Other

2. Control circuits

Span

Rail locks

Bridge locks

Wedges
Other

3. Lighting circuits

Navigation lights

Service lights

Convenience outlets

Other

(b) There shall be an independent circuit for each motor, each control circuit,

the navigation fights, each group of service lights, and each group of convenience

outlets. The use of a common return wire will not be allowed. Each circuit shall
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be protected and controlled by its own circuit breakers, fuses, and switches, located

on the panelboards or at an equally convenient point.

6.7.9.47 Grounding and lightning protection

(a) Grounding and lightning protection systems shall be provided to meet or

exceed the requirements of the NEC. The preferred order of power supply is a

solidly grounded, resistance grounded, and ungrounded power system. Except for

a solidly grounded system, ground indicating lights shall be provided.

(b) The bridge metallic structure shall have grounding conductors connected

to low-resistance grounding electrodes. An electrical system ground bus, and con-

nections to all major electrical equipment including each motor, brake, and land-

based navigation light shall be provided.

6.7.9.48 Spare parts

(a) The contractor shall furnish the following spare parts as a part of the

electrical equipment:

1. Six fuses of each size and kind used.

2. One complete set of stationary and moving contacts for each size of each

master switch and limit switch.

3. One indicating light unit, complete with lamp, fitted with colored cap

for each size, type, and color used.

4. One complete navigation pier light for each size and color of lens used;

and six lamps of each type and size of navigation light.

5. One control relay and two extra sets of contacts for each type used.

6. One complete set of contacts and one operating coil for each size and

type of magnetic contactor and motor starter.

7. One brake coil or thrustor motor for each size of brake used, or one

complete brake.

8. One spare motor of each size and type, including gearmotors, and one

set of brushes for each size and type of motor.

9. Spare parts for engines, engine-genator set, skew and positioning indi-

cating devices, electronic control components, tachometers, motor sec-

ondary impedance elements, and other parts shall be furnished as stipu-

lated by the company.

6.8 WORKMANSHIP
6.8.1 Machinery Manufacture in General

(a) The machinery shall be manufactured, finished, assembled, and adjusted

in approved manner and according to the best machine shop practice. The limits of

accuracy, which are to be observed in machining the work and the allowances for

all metal fits, shall be placed on the contractor's working drawings. These draw-
ings shall show separately the working allowance for the journals and their bear-

ings, so that the total differences between journal and bearing diameters shall be
within the prescribed limits. In roller bearing assemblies, the measurements as

specified in Arts. 6.8.21.4 (b) and 6.8.22.2 (b) shall be taken and recorded.

(b) Parts of the machinery in contact with other parts or with supports shall

be machined so as to provide even true bearings, and surfaces in sliding or rotating

contact with other surfaces shall be finished true to dimensions and finished in

accordance with the requirements of Art. 6.5.1 (a).

(c) Castings shall be clean and all fins and other irregularities shall be removed
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so that they will have clean, smooth surfaces, suitable for this class of work. Unfin-

ished edges of flanges and ribs shall be neatly made with rounded corners. All

inside angles shall have suitable fillets. Drainage holes of suitable sizes shall be
drilled so as to drain all places where water might collect.

(d) Finished rubbing surfaces shall be coated as soon as possible after being

accepted with an approved rust-inhibitive grease before removal from the shop.

Other surfaces shall be cleaned and painted in the shop as specified for structural

metal. All finished rubbing surfaces which are not assembled in the shop for ship-

ment shall be adequately protected during shipment by wrapping with burlap or

canvas which shall be secured by wooden bats securely wired together. All grease

holes shall be adequately plugged for shipment.

(e) Careful attention shall be given to the protection of all machinery parts

during shipment. Inlet and exhaust ports in air buffers shall be plugged at assembly

and protected until installed.

6.8.2 Racks

(a) When racks are built in segments, the segments shall be fitted together

accurately and match-marked. Particular care shall be taken to have the pitch of

the teeth at the joints accurate. The periphery of rack teeth shall be planed. The
pitch line shall be scribed on both ends of the teeth.

(b) The backs of racks which bear on metal surfaces and the surfaces in con-

tact with them shall be planed.

6.8.3 Shafts

(a) All shafts shall be straight, true to gage, and turned or otherwise well

finished throughout their lengths. All shafts shall be made with fillets where abrupt

changes in section occur.

(b) All shafts more than 8 inches in diameter shall have a hole bored length-

wise through the center. The diameter of the hole shall be about 1/5 of the

diameter of the shaft.

6.8.4 Journals

(a) All shaft journals, including their shoulders, shall be accurately machined

and polished. Particular care shall be taken to secure a high polish on the journals

of trunnion and counterweight sheave shafts.

(b) Unless otherwise specified, all machinery journals and those of trunnion

and counterweight sheave shafts shall have the corners at their ends rounded and,

except for cold-rolled shafts, shall be of slightly less diameter than the remainder

of the shaft.

6.8.5 Linings

(a) Linings shall be bored, finished smooth, and scraped to a true fit so that

the journals will run widiout excess friction or heating.

(b) The edges of oil grooves and the edges of linings shall be rounded.

6.8.6 Bearings

(a) The rubbing and bearing surfaces and the joints between cap and base

of bearings shall be finished. The holes in cap and base shall be drilled. The holes

in bearings for bolts fastening them to their supports shall be drilled.
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6.8.7 Couplings

(a) The faces of flange couplings shall be machined to fit.

6.8.8 Hubs

(a) The holes in all hubs including hubs of sheaves, drums, gears, pinions,

and all other wheels shall be bored concentric with the pitch circle or rolling sur-

face and, unless otherwise specified, so as to give a pressed or shrink fit on the

shaft. All such hubs shall be properly keyed to the shafts. If the hub performs

the fimction of a collar, the end next to the bearing shall be machined and polished.

6.8.9 Gears and Pinions

(a) The teeth of gears and pinions, unless specifically stipulated otherwise, shall

be machine cut. The periphery and the ends of teeth and gears shall be turned.

The pitch circle shall be scribed on both ends of the teeth.

6.8.10 Bevel Gears

(a) The teeth of bevel gears shall be cut by a planer having a rectilinear mo-

tion in lines through the apex of the cone. Rotating milling cutters shall not be

used for making bevel gears.

6.8.11 Machine Molding

(a) Uncut teeth shall be machine molded.

6.8.12 Worms and Worm Wheels

(a) Threads on worms shall be machine cut and the teeth of worm wheels

shall fit the worm accurately with surface or line contact.

6.8.13 Keys and Keyways

(a) Keys shall be planed and keyways machine cut. The finish of the keys

and keyways shall be such as to give the key a driving fit on the sides. Tapered

keys shall bear on the top, bottom and sides; parallel-faced keys on the sides only.

6.8.14 Bolt Holes and Turned Bolts

(a) Bolts for the connection of minor machinery parts, to each other or to

their supports, may be unfinished bolts, the holes for which shall be drilled or

reamed not more than -h inch larger in diameter than the bolts. All other bolts for

connection of machinery parts to each other or to their supports shall be turned

bolts having the shank -fa inch larger in diameter than the threaded portion. The
fit between turned bolts and their holes for fastening trunnion and counterweight

sheave bearings to their supports, and all turned bolts which carry shear, shall be

Class LC6. Other turned bolts shall have holes £2 inch larger in diameter than

the bolt.

6.8.15 Assembling Machinery in Frames

(a) All shafts, gears, pinions, and other parts supported by machinery frames
shall be assembled in the shop in their several frames, tested by operation, and
shipped to the field ready to be set in place. Each assembly shall be operated
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continuously for a period of not less than 4 hr in the shop before shipment; the

speed of operation shall be not less than that of the assembly under normal bridge

operation.

6.8.16 Balancing of Gears

(a) In order to reduce the noise of operation to the minimum, the gears shall

be assembled in the shop on their shafts with their keys in place, and each shaft

assembly shall be balanced for any position of rotation of the shaft. Gears shall

be so cast that compensation can be obtained after assembling.

6.8.17 Assembling Machinery on Structural Supports

(a) When so stipulated on the plans, machinery parts shall be assembled on

the supporting members in the shop. They shall be aligned and fitted, and holes in

the supports shall be drilled with the members in correct relative position. The
members shall be match-marked, both to the supports and to each other, and

erected in the field in the same relative positions.

(b) When the foregoing assembly is not stipulated, the holes in the machinery

parts shall be drilled in the shop and the holes in the supports shall be left blank

and drilled in the field after the machinery parts are assembled and aligned. If

any small size placement holes are provided to aid in field alinement of the ma-
chinery, they shall be reamed to fit the permanent bolts after all other holes have

been drilled and their bolts placed.

6.8.18 Grooves in Journals and Linings

(a) The lubrication grooves in the surface of shaft journals and bearing linings

shall be machine cut. Small inequalities may be removed by chipping and filing.

The grooves shall be smooth, including the rounded corners.

6.8.19 Air Buffers

(a) The workmanship on air buffers shall be so accurate that the weight of

the cylinder and its attachments will be sustained by the confined air for 6 min,

with a piston travel not more than that which occurs during the closure of the

bridge. The valves must be closed and the buffers balanced so that the whole weight

is carried by the piston rod.

6.8.20 Special for Swing Bridges

6.8.20.1 Rim girders

(a) In the bottom flanges of the rim girders of rim-bearing swing spans, the

edges of the webs and side plates and the backs of the flange angles shall be so

planed that full bearing on the tread plates will be secured.

6.8.20.2 Rack and track

(a) Track segments shall be planed on the top and bottom and at the ends.

Surfaces on which conical rollers bear shall be planed to the true bevel. The center

line shall be scribed on the surface.

(b) The rack and track shall be completely assembled in the shop to their cor-

rect center lines, fitted, drilled, and the parts match-marked.
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6.8.20.3 Bearings for rack pinion shafts

(a) The bearings for rack pinion shafts shall be bolted to the bracket supporting

them and bored while so fastened to insure perfect alinement.

6.8.20.4 Rollers

(a) The faces and sides of rollers and balance wheels shall be finished, the

corners rounded, and the center line of the rollers and balance wheels scribed on

the faces. The hubs shall be bored accurately and faced on both ends.

6.8.20.5 Pivots

(a) Pivot stands and center castings of swing bridges shall be finished and

fitted accurately. The base shall be faced truly at right angles to the axis and shall

be turned on the circumference concentric with the axis.

6.8.20.6 Disks

(a) Steel disks shall be fitted accurately, finished to gage, and ground accurately

to the final finish. The sliding surfaces of steel and phosphor-bronze disks shall be

polished. Disk centers shall be assembled, fitted accurately and match-marked.

6.8.20.7 Assembling centers

(a) For a rim-bearing swing span, the complete center, including rim girders,

center pivot, radial members, rack, track and rollers, shall be assembled, aligned,

fitted, drilled, and the parts match-marked in the shop.

6.8.21 Special for Bascule Bridges

6.8.21.1 Segmental girders and track girders

(a) In rolling-lift bridges, the bottom flanges of segmental girders and top

flanges of track girders shall have the edges of the web and side plates and the

backs of the flange angles so planed that full bearing on the tread plates will be
secured. Flanges of the segmental girders shall be so accurately bent to the

required radius that planing will not reduce their thickness more than Ya inch.

6.8.21.2 Racks

(a) When stipulated on the plans, all circular racks shall be assembled in the

shop on their supporting members, including all parts up to and including the

trunnion shaft or its supporting member, the parts then aligned and adjusted so

that the pitch of the rack throughout its length is at the prescribed radius from
the center of the trunnion shaft, the holes drilled, and the parts match-marked.
If any temporary radial members are required to properly align the rack, they shall

be furnished and match-marked for use in erection.

6.8.21.3 Tread plates

(a) In rolling-lift bridges, the top and bottom surfaces of the tread plates

shall be planed. When tread plates are built in segments, their ends shall be faced.

(b) Tread plates shall be assembled in the shop with their segmental girders

and track girders, aligned, fitted, drilled, and the parts match-marked.

6.8.21.4 Assembly of trunnion shafts and bearings

(a) In journal bearing installations, each trunnion shaft shall be assembled in

the shop with its bearings, and the linings shall be scraped to a true fit with the
journals.
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(b) In roller bearing installations, two sets of exact diameter measurements shall

be taken, at 90 deg angles, on the contact faces between the trunnion shaft and
the inner race. Each component shall be permanently marked and the measurements
taken at locations near the ends and at the center of the inner race. Measurements
shall be recorded and included in the maintenance manual.

6.8.22 Special for Vertical Lift Bridges

6.8.22.1 Sheaves and drums

(a) The grooves in sheaves and drums shall be turned. Particular care shall be
taken to secure uniformity of pitch diameter for all of the grooves of a counter-

weight sheave. The variation from the required diameter shall not exceed plus or

minus 0.01 inch.

(b) Built sheaves shall be assembled and permanently riveted, or welded and
stress-relieved, before the grooves are turned.

6.8.22.2 Assembly of counterweight sheave shafts and bearings

(a) In journal bearing installations, each trunnion shaft shall be assembled

in the shop with its bearings, and the linings shall be scraped to a true fit with the

journals.

(b) In roller bearing installations, two sets of exact diameter measurements

shall be taken, at 90 deg angles, on the contact faces between the trunnion shaft

and the inner race. Each component shall be permanently marked and the measure-

ments taken at locations near the ends and at the center of the inner race. Measure-

ments shall be recorded and included in the maintenance manual.

6.9 ERECTION
6.9.1 Erection of Machinery

(a) The installation and adjustment of all machinery shall be by competent

mechanics, experienced in this class of work. They shall be provided with all

necessary gages, straightedges, and other precision instruments to insure accurate

installation.

(b) The final alinement and adjustment of machinery parts, whose relative

position is affected by the deflection or movement of the supports under full dead

load, or of the span under full dead load, shall not be made until such deflection

or movement has taken place.

(c) Machinery parts assembled in the shop on their supporting members, with

all holes for connections drilled in the shop, shall be erected according to the

match-marking diagrams. Machinery frames carrying machinery assemblies, indi-

vidual bearings, and other machinery parts, which have not been assembled with

their supports in the shop, shall be assembled in the field and adjusted to proper

elevation and alinement on the supporting steel parts, by the use of full-length

shims, the holes through the supporting steel parts for the connecting bolts to be

drilled while the parts are so assembled. If any small size placement holes are

provided to aid in field alinement of machinery, they shall be reamed to fit the

permanent bolts after all other holes have been drilled and their bolts placed.

(d) Careful attention shall be given to the protection of all machinery parts

during unloading and while stored before erection. Before erection, all finished

surfaces which were coated in the shop with a protective rust-inhibitive grease

shall have such grease thoroughly washed off with gasoline or benzine.
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6.9.2 Erection of Trunnion Bearings and Counterweight Sheave Bearings

(a) Trunnion bearings and counterweight sheave bearings shall be aligned with

the utmost accuracy. After they have been adjusted to proper elevation, alinement

and position on the supporting steel parts, with due allowance for movements of

the bearings which may result from the dead load to be placed on the bearings,

by the use of full length shims, the holes through the supporting steel parts for the

connecting bolts shall be drilled through the holes in the bearings which were
previously drilled in the shop.

(b) The exact methods to be used in securing the required alinement of trun-

nion and counterweight sheave bearings shall be shown on the contractor's working

drawings.

(c) Installation of roller-type trunnion bearings shall be supervised by a qual-

ified and experienced technician furnished by the bearing manufacturer.

(d) Before ropes are placed over counterweight sheaves, the bearings shall be
lubricated and the sheave shall be turned to see that the shaft turns freely in the

bearings. If the shaft does not turn freely, the alinement of the bearings must be
corrected, as necessary, to accomplish this.

6.9.3 Protection of Parts

(a) Parts which are protected from the weather in the finished structure shall

be protected in the field during erection by housing or equivalent means. This

applies in particular to electrical parts.

(b) Wire ropes shall be housed and stored at least 18 inches above the ground.

The ropes shall be kept free from dirt, cinders, and sand.

6.9.4 Lubrication

(a) The contractor shall furnish at his own expense grease, oil, fuel and all

other things necessary for satisfactory operation of the movable span until it has

been accepted by the company, excepting only that for electric motor operated

spans the company will pay for electric current obtained from the power line.

Greases and oils must be suitable for the operating service and pressures and shall

meet the approval of the engineer.

(b) After the movable span is in operating condition, the contractor shall

thoroughly clean all counterweight ropes and operating ropes of foreign material

and shall furnish and apply hot, when weather conditions are suitably dry and
warm, one coat of approved wire rope dressing. The dressing shall not be applied
in an atmospheric temperature below 40 deg F.

6.9.5 Erection of Wire Ropes

(a) Wire ropes shall be carefully removed from reels and coils by revolving
them, and shall be so erected as to avoid any sharp kinks or bends. They shall not
be pulled through dirt.

(b) Operating ropes for vertical lift spans shall be adjusted to equal tensions
at the four corners of the span, and in such manner as to give only slight tension
in the slack side of the rope.

(c) Counterweight ropes, when not fabricated to exact lengths without any
variation, and when not connected by equalizers, shall be adjusted in the field so
as to secure equal loads on all of the ropes at a corner of the span. The stripe
painted on each rope in the shop shall be straight after the rope is erected.
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6.9.6 Painting

(a) Surfaces of machinery parts, except rubbing surfaces, shall be cleaned and

painted in the field as specified for structural metal.

(b) Exposed concrete surfaces of counterweights shall be coated with approved

waterproofing material.

(c) Care shall be taken to prevent the painting of nameplates of electrical and

mechanical equipment. If nameplates are painted, they shall be replaced with

new plates.

6.9.7 Counterweights

(a) The contractor shall prepare calculations showing the required dimensions

and weights of counterweights based on weights computed from the shop drawings

of structural steel and machinery, and on estimated unit weights of concrete, timber,

and other parts of the span. These calculations shall be submitted to the engineer,

in form, for verification. Thse calculations shall include summarized tabulations

showing, for each kind of material, the total quantity of the material, its estimated

unit weight, and its total estimated weight. Before pouring the counterweights, the

contractor shall verify these estimated and computed weights by comparison with

shipping weights of steel, and by weighing suitable portions of non-metal parts,

and shall submit to the engineer, supplemental summarized tabulations based on

these actual weights.

(b) The contractor shall adjust and correct the counterweights, shall provide

the required balance blocks, and shall secure the required balance of the counter-

weights and span. Approval of any balance tabulations or of any materials or

processes, by the engineer, shall not relieve the contractor of the entire responsi-

bility for securing such balance.

6.9.8 End Lifting Devices for Swing Spans

(a) End lifting devices shall be adjusted, when the span is at uniform tempera-

ture, to produce a lift equal to the greatest of:

1. 1.5 times the computed deflection winch would result from the negative

end reaction of the live load plus impact;

2. One-half inch; or

3. 0.10 percent of the length of one arm.

6.9.9 Channel Lights

(a) During erection and in taking down the old span, the contractor shall place

and maintain navigation lights and signals, in accordance with the government

requirements for the protection of the falsework, as well as navigation.

6.9.10 Testing

(a) Before the main operating machinery is connected for transmitting power,

it shall be given an idle run for four hours.

(b) When die entire installation is completed, the span, including all accessories,

shall be operated through not less than three complete cycles using normal power,

prime movers, and control; and through at least two cycles using auxiliary or emer-

gency power, prime movers, and control. These tests shall be repeated for the
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auxiliary drive system and alternate operating modes, if provided. During these

runs, the entire equipment shall be inspected to determine whether all features are

in proper working order and adjustment, and meet fully the requirements of the

plans and specifications. Electrically powered bridges shall be completely checked

with recording type electrical instruments, and the temperature rise of electrical

parts, due to the specified duration of continuous testing, shall not exceed design

ratings. Should tests show that any features are defective or inadequate, or function

improperly, the contractor shall make, at his own expense, any corrections, adjust-

ments, or replacements required.

(c) Lift bridges shall be tested with the Condition A and B loads of Art. 6.3.6,

simulated by placing equal weights at each end of the span. Unless otherwise

stipulated, the total continuous duration of the operating cycles with Condition B

load shall be at least 30 minutes for the main drive system. Where there is an

auxiliary drive system, it shall be similarly tested.

(d) Bascule and swing bridges shall be tested without additional load to simu-

late ice or wind. Unless otherwise stipulated, the total continuous duration of the

operating cycles shall be taken as 30 minutes for the main drive system. Where

there is an auxiliary drive system, it shall be similarly tested.

6.9.11 Bridge Operator

(a) For a power-operated bridge, the contractor shall provide, at his own
expense, competent men to supervise the operation of the bridge for a period of 14

calendar days after the span is completely operable; and for an additional 14-day

period, he shall provide one man. These men shall be competent to operate the

bridge, to supervise its operation, and to make any adjustments or corrections

that may be required in the mechanical or electrical equipment of the bridge. They
shall instruct and qualify the employees of the company in the operation of the

bridge. Any adjustments or corrections required during the two 14-day periods

shall be at the expense of the contractor.

» # # *

Page i, Chapter 15

Revise the second paragraph of the FOREWORD to read "Grateful acknowl-

edgement is hereby made to the American Welding Society for having made avail-

able its Structural Welding Code (AWS Dl.l) for use by reference in these specifi-

cations. In applying Code AWS Dl.l, the term "allowable stresses" is to be
construed as those allowed herein. Certain other modifications and exceptions to

the Code are also specified".

Pages 15-1-1 to 15-1-36, incl.

Part I—DESIGN—ASTM A 36 STEEL
Reapprove with the following changes:

Page 15-1-1: Change title of Section 1.2 to "General Requirements."
Art. 1.1.3 (b) and Art. 1.1.3 (i): Delete present paragraph (b). Move and

reletter present paragraph (i) to (b) position.

Section 1.2: Change title to "General Requirements."
Art. 1.2.1 (a): Delete the last five items on welding electrodes and substitute

"Welding Electrodes See Structural Welding Code (AWS Dl.l)."
Page 15-1-14: Remove footnote at bottom of page.
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Renumber Arts. 1.2.2 through 1.2.11 to be 1.2.3 through 1.2.12, to make room

for a new Article 1.2.2 reading:

"1.2.2 Welding

The requirements for welding shall be as specified by the Structural Welding

Code (AWS Dl.l) of the American Welding Society unless otherwise modified or

supplemented by these specifications. In applying Code AWS Dl.l, the term "allow-

able stresses" is to be construed as those allowed herein."

Art. 1.3.13.3.1: Change the reference "Art. 1.10.4" to Art. 1.10.3"

Art. 1.4.2: Delete the entire parenthetical note in the heading.

Change the last psi item from 12,400 to 12,500.

Art. 1.5.7 (c): Delete.

Art. 1.5.11 (c): Delete. Reletter present paragraph (d) to be (c).

Art. 1.5.12 (b): Revise to read "Welds acting in the same connection with

rivets and/or bolts shall be proportioned to carry the entire stress."

Art. 1.5.12 (c): Delete.

Art. 1.5.13 (c): Delete last sentence.

Art. 1.5.14 (c): Delete. Reletter present paragraph (d) to be (c).

Art. 1.7.5 (b): Revise to read "In shop-welded construction, flange members

may be shop-spliced by riveting or bolting as in (a) or by welding as in (c)."

Art. 1.10.1: Delete.

Art. 1.10.2: Renumber to be 1.10.1.

Art. 1.10.3: Renumber article and revise to read:

"1.10.2 Prohibited Types of Joints and Welds

(a) Those listed as such in Code AWS Dl.l.

(b) Plug or slot welds (This does not prohibit the use of fillet welds in holes

or slots).

(c) Intermittent fillet welds.

(d) Butt joints of plates with transition of both thickness and width, and

transmitting other than axial compressive stress."

Art. 1.10.4: Renumber to be 1.10.3.

Art. 1.10.5: Renumber to be 1.10.4.

Art. 1.10.5 (a): Delete.

Art. 1.10.5 (b): Delete.

Art. 1.10.5 (c): Delete.

Art. 1.10.5 (d): Delete.

Art. 1.10.5 (e): Redesignate to be 1.10.4 (a).

Art. 1.10.5 (f): Delete.

Art. 1.10.5 (g): Redesignate to be 1.10.4 (b).

Art. 1.10.6: Delete.

Art. 1.10.7: Delete.

Art. 1.10.8: Delete.

Art. 1.10.9: Delete.

Art. 1.10.10: Renumber to be 1.10.5.

Pages 15-2-1 to 15-2-13, incl.

Part 2—DESIGN—HIGH-STRENGTH STEELS

Page 15-2-1: Change title of Section 2.2 to "General Requirements."

Sec. 2.2: Change title to "General Requirements."
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from prior Specs.), revise the second sentence to read "Design rules of the American

Welding Society have always recognized . .
.".

Art. 9.1.5.7: Delete.

Art. 9.1.5.13: Delete last sentence.

Art. 9.1.5.14: Delete second paragraph.

Art. 9.1.7.4: Revise second and third lines to read ".
. . is to ensure complete

fusion between flange and web."

Arts. 9.1.10 and 9.2.8: Delete.

Art. 9.1.10.1: Delete.

Art. 9.1.10.2: Renumber to be 9.1.10.1 and revise to read "The requirements of

Article 1.10.1 are similar to those in Code AWS Dl.l, with additions to cover flexural

conditions."

Art. 9.1.10.3: Renumber to be 9.1.10.2 and revise to read: "Recause of fatigue

considerations, several types of joints and welds are added to types prohibited by

Code AWS Dl.l."

Art. 9.1.10.4 and Art. 9.2.8.1: Delete.

Art. 9.1.10.5: Renumber to be 9.1.10.4 and revise to read: "The requirements

of Article 1.10.4 are based on fatigue considerations."

Art. 9.1.10.6: Delete.

Art. 9.1.10.7: Delete.

Art. 9.1.10.8: Delete.

Art. 9.1.10.9: Delete.

Arts. 9.1.10.10 and 9.2.8.2: Delete.

Sec. 9.3 FARRICATION: Delete all remarks prior to listing of individual

articles.

Art. 9.3.1.6: Revise the first sentence to read ".
. . fabrication, and are similar

to those in the Structural Welding Code (AWS Dl.l)."

Art. 9.3.1.7: Delete.

Art. 9.3.3.2: Delete.

Art. 9.3.3.3: Delete.

Art. 9.3.3.4: Renumber this to be 9.3.3.3 and revise first sentence to read "Only

properly selected machine welding is considered to be acceptable for flange-to-web

weld of flexural members."

Art. 9.3.3.5 and Art. 9.3.3.6: Renumber, combine and revise as follows:

"9.3.3.4 Tack Welds

and

9.3.3.5 Rackings, Extension Bars and Run-Off Plates

The requirements of Arts. 3.3.4 and 3.3.5 are based on fatigue considerations".

Art. 9.3.3.7: Delete.

Art. 9.3.3.8: Delete.

Art. 9.3.3.9: Delete.

Art. 9.3.3.10: Delete.

Art. 9.3.3.11: Delete.

Art. 9.3.5: Delete.

Add a new article reading

"9.3.5.5 Inspection-Welded Work
The requirements of Paragraphs (b) and (c) of Art. 3.5.5 take into account

the generally high shear-moment ratio in railway flexural members and the common
circumstance of heavy concentrated direct loading of flanges".

Bui. 645
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Report on Assignment 3

Protection of Steel Surfaces

C. A. Hughes (chairman, subcommittee), D. S. Bechly, L. F. Currier, F. P. Drew,
J. M. Hayes, M. L. Koehler, T. J. Mearsheimer, D. L. Nord, A. L. Piep-

meier, G. R. Shay.

Your committee submits for adoption the following recommendation with

respect to Part 7—Existing Bridges, of Chapter 15 of the Manual:

Add new Section 7.5 Maintenance, reading as follows:

7.5 MAINTENANCE
7.5.1 General

(a) All steel structures are subject to gradual deterioration due to corrosion,

mechanical wear, and impact and fatigue damage from moving loads, and require

periodic maintenance throughout their useful life.

(b) The extent of maintenance shall be classified as follows:

1. Class A. The structure is maintained to a condition comparable to new
construction, excepting weathering and deterioration which affect appear-

ance only.

2. Class B. Main members are maintained to the extent that the rated

capacity of the bridge will not be reduced, but secondary members are

maintained only as necessary to preclude extensive structural repairs.

3. Class C. Main members are maintained to the extent necessary to carry

the prevailing traffic density and load rating, and secondary members are

maintained only as immediately necessary.

(c) The class of maintenance to be used for each structure shall be determined

by the engineer, based upon the importance of the structure to the operations of

the railroad, the cost and difficulty of replacement or reconstruction, and the

probable required service life.

7.5.2 Maintenance of Structural Elements

(a) When inspection reveals that an element of a structure has been weakened,
the engineer shall determine whether the element shall be replaced or reinforced,

based on the class of the maintenance as defined in Art. 7.5.1 (b) and the extent

of loss of strength.

(b) The procedures to be followed in replacing or reinforcing a structural ele-

ment shall be the same as specified in Section 7.2 Strengthening.

7.5.3 Maintenance Painting

(a) Except in cases where appearance is an important consideration, the pur-

pose of maintaining the paint or odier corrosion protection system on a structure

is to protect the steel from deterioration which may affect the rated capacity.

(b) The extent of maintenance painting for each structure shall be determined
by the engineer in conjunction with the preparation of the system bridge mainte-
nance program specified in Art. 7.4.3. The extent shall be consistent with the gen-
eral class of maintenance as defined in Art. 7.5.1 (b), with consideration being
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given to the local environment, such as the prevailing relative humidity or the

presence of a corrosive atmosphere.

(c) Where paint is to be maintained on steel surfaces, the steel shall be pre-

pared and painted in accordance with the recommendations of the Steel Structures

Painting Council Manual, Vol. 2. The surface preparation and painting shall be in

accordance with the particular system selected by the engineer from Table I

—

General Painting Guide for Steel Structures, of the Manual.

Report on Assignment 7

Bibliography and Technical Explanation of Various

Requirements in AREA Specifications Relating

to Steel Structures

J. G. Clark (chairman, subcommittee), D. S. Rechly, L. S. Reedle, T. J. Royle,
H. R. Cundiff, L. F. Currier, G. F. Fox, A. Hedefine, D. V. Messman,
M. Schifalacqua, R. H. Wengenroth, W. Wilbur.

Your committee submits the following editorial change to Part 9—Commentary
and Ribliography:

On page 15-9-2, at the end of present Art. 9.1.3.4 (a), add the following:

"In special situations, it may be necessary to design decks with transverse

beams without ballast. Although the criteria outlined in Art. 1.3.4.2.3 are intended

for use with ballasted-deck structures, the criteria are acceptable for use with decks

without ballast."



Manual Recommendations

Committee 13—Environmental Engineering

Report on Assignment 2

Air Pollution Control

A. F. Butcosk (chairman, subcommittee), W. F. Arksey, H. W. Azer, C. S. Dun-
ning, J. H. Flett, W. M. Harrison.

Your committee submits for adoption and publication in Part 2, Chapter 13 of

the Manual, the following new Sections 2.3 Incinerators, 2.4 Ballast Cleaning, and

2.5 Dust Control for Dry Materials Handling.

2.3 INCINERATORS

2.3.1 General Statement

(a) Disposal of combustible material is one of the most perplexing problems

facing society today. Befuse is created by industry, commerce and the public. It

has been an accepted practice to burn refuse in open areas or in simply designed

incinerators producing various amounts of particulate matter.

(b) During the past few years every community has become aware of the

large quantities of dust in the atmosphere, which is slow to settle, thus producing

a haze over the cities and farm land. The public is demanding clean air, and in

some instances causing industries to desist operation until means have been achieved

in meeting the necessary emission reduction. Industry can obtain a variance in the

State Pollution Control laws for continuation of some operations, but this variance

is reviewed periodically. Therefore, the variance is not a solution of the problem,

but only a bid for time.

(c) Befuse can be burned in a properly designed multiple-chamber incinerator.

However, caution is necessary so that adequacy of design, proper methods of con-

struction, and quality of materials are utilized in construction of an incinerator that

will meet air pollution control requirements and have an average service life

expectancy.

(d) The configuration of modern multiple-chamber incinerators falls into two

general types, as illustrated below. These are the retort type, named for the return

flow of gases through the "U" arrangement of component chambers, and the in-line

type, so called because the component chambers follow one after the other in a line.

2.3.2 Betort Type

Essential features that distinguish the retort type of design, as shown in Fig. 1,

are as follows:

(a) The arrangement of the chambers causes the combustion gases to flow

through 90-deg turns in both lateral and vertical directions.

(b) The return flow of the gases permits the use of a common wall between
the primary and secondary combustion stages.

340
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INCINERATION

»mNG CHAMBER

CURT* IN I»U PCS!

Fig. 1—Cutaway of a retort multiple-chamber incinerator.
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miNG CHAMBER

Fig. 2—Cutaway of an in-line multiple-chamber incinerator.

(c) Mixing chambers, flame ports, and curtain wall ports have length-to-

width ratios in the range of 1:1 to 2.4:1.

(d) Bridge wall thickness under the flame port is a function of dimensional

requirements in the mixing and combustion chambers. This results in

construction that is somewhat unwieldly in the size range above 500 lb

per hour.

2.3.3 In-line Type

Distinguishing features of the in-line type design, as shown in Fig. 2, are as

follows:

( a ) Flow of the combustion gases is straight through the incinerator with

90-deg turns only in the vertical direction.

(b) The in-line arrangement is readily adaptable to installations that require

separated spacing of the chambers for operating, maintenance, or other

reasons.

(c) All ports and chambers extend across the full width of the incinerator

and are as wide as the ignition chamber. Length-to-width ratios of the

flame port, mixing chamber, and curtain wall port flow cross sections

range from 2:1 to 5:1.
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2.3.4 Description of the Process

(a) The combustion process in a multiple-chamber incinerator proceeds in two

stages—primary or solid fuel combustion in the ignition chamber, followed by sec-

ondary or gaseous-phase combustion. The secondary combustion zone is composed

of two parts, a downdraft or mixing chamber and an up-pass expansion or combus-

tion chamber.

(b) The two-stage multiple-chamber incineration begins in the ignition cham-

ber and includes the drying, ignition, and combustion of the solid refuse. As the

burning proceeds, the moisture and volatile components of the fuel are vaporized

and partially oxidized in passing from the ignition chamber through the flame port

connecting the ignition chamber with the mixing chamber. From the flame port, the

volatile components of the refuse and the products of combustion flow down through

the mixing chamber into which secondary air is introduced. The combination of ade-

quate temperature and additional air, augmented by mixing chamber or secondary

burners as necessary, assists in initiating the second stage of the combustion process.

Turbulent mixing, resulting from the restricted flow areas and abrupt changes in

flow direction, furthers the gaseous-phase reaction. In passing through the curtain

wall port from the mixing chamber to the final combustion chamber, the gases

undergo additional changes in direction accompanied by expansion and final oxida-

tion of combustible components. Fly ash and other solid particulate matter are col-

lected in the combustion chamber by wall impingement and simple settling. The

gases finally discharge through a stack or combination of a gas cooler (for example,

a water spray chamber) and induced-draft system. Either draft system must limit

combustion air to the quantity required at the nominal capacity rating of the

incinerator.

2.3.5 Selecting Type of Incinerator

(a) Incinerators with capacity of less than 5C0 lb per hour are usually con-

structed as retorts, while the in-line styles will accommodate capacities in excess

of 1,000 lb per hour. When large quantities of refuse are to be burned it is more

economical to use the in-line incinerator due to cost of construction and ease of

controlling temperature of internal walls.

2.3.6 Incinerator Requirements

2.3.6.1 Air Inlets

(a) Positive control for all combustion air inlets should be provided by means

of fully adjustable dampers. The retort incinerator designs .shown in Fig. 3 incor-

porate round, spinner-type controls with rotating shutters for both underfire and

overfire air openings, and rectangular ports with sliding or hinged dampers for the

secondary air openings. The in-line incinerator designs shown in Fig. 4 have rec-

tangular ports for both overfire and secondary air openings, and spinner-style ports

for the underfire air openings. Air ports may be of any convenient shape, though

the port arrangement indicated in the inline designs with rectangular overfire ports

is preferred since the combustion air is distributed more evenly across the fuel bed.

2.3.6.2 Stack

(a) Stacks for incinerators with a capacity of 500 lb or less per hour are

usually constructed of a steel shell lined with refractory and mounted over the com-
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bustion chamber. A refractory-lined, reinforced, red brick stack is an alternative

method of construction when appearance is deemed important. Stacks for incinera-

tors with a capacity of more than 500 lb per hour are normally constructed in the

same manner as those for smaller units but are often free standing for structural

stability, as indicated in Fig. 4. Stack linings should be increased in thickness as

the incinerator becomes larger in size.

2.3.6.3 Refractories

(a) Super-duty plastic refractory or super-duty fire clay firebrick are recom-

mended for the interior walls and arches that comes into direct contact with flames

and hot gases, since temperatures usually exceed 2,000 F. Expansion joints with

M-inch minimum width should be installed for every 6-ft section of refractory. These

joints must be sealed completely with high-duty ceramic packing with minimum

service temperatures of 2,500 F. Packing of this type is necessary to prevent ashes

from collecting in the open joints and fusing in such a way as to render the joint

useless.

(b) The first 10 ft of stack must be lined with high-duty firebrick or an equiva-

lent castable refractory. The remainder of the stack may be lined with a lower duty

material since flame impingement in this area does not normally occur. The charg-

ing door and other access doors, with the exception of the ash pit cleanout doors,

should be lined with 120-lb-per-cu-ft, ASTM Class 24, castable refractory.

(c) The minimum heights for free-standing firebrick walls of given thickness

are as follows:

Thickness of Walls, Inches Unsupported Height, Feet

4% 4

9 10

138 14

(d) Firebrick walls extending above these heights should be held to exterior

supports with stainless steel anchors that pennit a differential rate of expansion.

Walls constructed of plastic refractory should be anchored to exterior structural

steel members on 18-inch centers.

(e) Arches may be constructed of firebrick or plastic refractory. Firebrick

arranged to form 60-deg arches should be limited to a maximum span of 5 ft 10

inches for 432-inch thickness and 8 ft for 9-inch thickness. Arches with spans greater

than 8 ft should be constructed of suspended, super-duty, fire clay shapes or super-

duty, plastic refractory. Plastic refractory used for this purpose must be suspended
from refractory cones or stainless steel anchors spaced not more than 15 inches apart.

2.3.6.4 Grates

(a) Two materials satisfactory for construction of grates are cast iron and
castable refractory. Cast iron grates are available in a wide variety of sizes and
shapes. They are of much heavier construction than those used in comparable gen-
eral-refuse incinerators, to minimize deformation at high temperatures. Where blocks
or scraps of wood are to be burned, bar- or channel-shaped grates should be em-
ployed, but when wood waste accumulated from woodworking equipment is to be
burned, pinhole grates should be installed. Typical pinhole grates consist of 6-inch-
wide by 24-inch-long by %-inch-thick slab sections of cast iron with Jz-inch holes
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on 2-inch centers. Grates of this type are capable of retaining small wood particles

that might otherwise fall unburned into the ash pit.

(b) Refractory grates are nearly always constructed in the form of 60-deg

sprung arches. On incinerators of 250-lb-per-hour capacity or less, grates are con-

structed of ASTM Class 24 refractory 5 to 6 inches thick, with 1-inch holes on 5-

to 6-inch centers. ASTM Class 27 castable refractory 6 to 8 inches thick, with 1-inch

holes on 6- to 9-inch centers is used in larger incinerators.

(c) Caution is required in operating incinerators with cast iron grates. Under-

fire air must not be unduly restricted nor should the ash pit be allowed to fill

within 1 ft of the grates. Heat build-up in the ash pit from either condition can

cause the grates to warp and sag. Misoperation of this type does not deform grates

constructed of castable refractory. These grates are, however, susceptible to damage
from careless stoking and cleaning.

(d) When most of the charge consists of sawdust or similar small wood par-

ticles delivered by a uniform feed system, a solid hearth should be installed at the

rear of the ignition chamber to prevent the introduction of excessive underfire air

at this location. As the size of the incinerator increases, hearths are sometimes

installed along the sidewalls also to prevent excessive underfire air. In any event,

the hearth area should not exceed 30 percent of the total horizontal area of the

primary ignition chamber.

2.3.6.5 Exterior Walls

(a) Incinerators can be constructed with exterior walls of red brick or steel

plate. Red brick exteriors are usually constructed of two layers of red brick bonded

by a reinforced concrete center. Exterior steel plate may be of tire thin, corru-

gated type used to back plastic refractory, or as heavy as 10 gauge to support

interior brick construction.

2.3.7 Operation of Incinerators

(a) The operator of a general-refuse incinerator generally relies on auxiliary

burners to maintain temperatures for maximum combustion in the secondary cham-

ber. The operator of a wood-burning incinerator, without provisions for auxiliary

burners, is able to maintain adequate secondary chamber temperatures by proper

charging and control of combustion air.

(b) Generous amounts of clean dry paper are mixed with the wood for the

initial charge. After the ignition chamber is one-half to two-thirds full, additional

paper is placed on top of the pile to ensure quick flame coverage at the surface.

It is important, in keeping smoke to a minimum, that only clean dry paper and

dry scrap wood comprise the initial charge. After charging is completed, the paper

is ignited near the front of the chamber and the charge door is closed. All com-

bustion air ports are almost completely closed to restrict combustion air.

(c) As burning proceeds, the incinerator passes through the most critical

period of its operation. By observing the emissions from the stack, the necessary

adjustments can be made promptly to reduce or eliminate smoke. Gray or white

smoke emitted after lightoff indicates that the incinerator is cold. This smoke can

be minimized or eliminated by closing all air ports. Smoke of this color usually

ceases within a few minutes after lightoff when flames completely cover the refuse

pile and fill the flame port. A few minutes later, black smoke may appear, resulting

from a lack of adequate combustion air. These emissions can usually be eliminated
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by opening primary air ports and then the secondary air ports. If additional com-

bustion air is required, it may be .supplied by opening the charge door.

(d) Although each incinerator has its own operating characteristics, the over-

fire and underfire air ports can usually be opened 5 to 10 minutes after lightoff, and

the secondary port, 20 to 30 minutes later. If opening of the secondary ports results

in gray or white smoke emissions, the ports should be closed immediately since the

incinerator has not yet reached its normal operating temperature.

(e) After attaining normal operating temperatures, maximum combustion is

maintained by placing the mechanical feed system in operation or by hand charg-

ing at regular intervals.

REFERENCE

Air Pollution Engineering Manual, 999-AP-40, U. S. Department of HEW,
PHS, Bureau of Disease Prevention Environmental Control, National Center for

Air Pollution Control, Cincinnati, Ohio, 1967, pp. 413-445.

2.4 BALLAST CLEANING
2.4.1 General Statement

(a) Dust and fine soil in rock ballast prevent drainage which ultimately causes

unstable track; consequently, it is necessary to clean the ballast to restore good

drainage.

(b) Ballast cleaning is done by machines that, due to their innate design and
requirements, often produce dust in excess of that tolerated by the "Clean Air Act

of 1970."

(c) A typical cleaning machine scoops up the ballast at the ends of the cross

ties and conveys the stone to a vibrating screen. The cleaned stone is directed

back to the roadbed while the dirt is directed outside the roadbed. Some dust

floats into the air. The largest amount of dust comes from the screening operation.

Figs. 1 and 2 are sketches of these vibrating screens.

2.4.2 Machine Design

(a) As it is impractical to completely enclose present railway ballast cleaners

and uneconomical to replace them with new equipment, modification is desirable

in order to comply with air pollution control requirements.

(b) Fan-equipped removable hoods may be placed over the shakers and
screens that will collect and then discharge the dust onto the ground through a

water curtain.

( c ) The exhaust fan, driven by electric power from the diesel locomotive, should
have adequate velocity to capture the dust and particulates concerned. The se-

lected spray nozzles should deliver suitable volume of scrub water to allay dust. A
minimal amount of a suitable non-polluting, wetting agent added to the spray water
may be beneficial to entrap the dust.
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VIBRATING SCREENS

BALLAST
HOPPER

END VIEW
Fig. 2
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2.5 DUST CONTROL FOR DRY MATERIALS HANDLING
2.5.1 General Statement

(a) Ores, minerals, solid fuels, and forest products, as they are mined, proc-

essed and/or handled, create dust problems. Their small particle size makes them

subject to becoming easily airborne during frequent handling and while being

transported in open top cars. Air Pollution problems are created, requiring adequate

controls.

(b) Railroads are involved in air pollution problems resulting from transpor-

tation of these ladings and frequently in problems resulting from their loading

and unloading.

(c) Loading and/or unloading cars may be a railroad problem depending upon

who is the shipper. Therefore, dust abatement is considered for these operations.

2.5.2 Loading Cars

(a) Cars are loaded rapidly as the commodity falls through a chute from an

overhead bin or blown from a shredder or by some other method of rapid loading.

Regardless of the method of loading, the dust problem concerns the operator.

(b) The loading operation can be conducted under a large hood where an

exhaust fan of about 100,000 cfm exhausts the dust into a collecting system, con-

taining a water curtain, centrifugal dust remover or a bag house filter.

(c) If the commodity does not react with water, a fine mist spray of water may

be adequate to suppress the dust and an exhaust hood will not be required. Some-

times a small quantity of a non-polluting wetting agent added to the spray will

reduce the water requirements for suppressing the dust.

(d) If the commodity can tolerate only a minimum amount of water, less than

possible with a fine spray, high pressure steam may be an adequate method of

suppressing dust.

(e) Chemical binders specifically formulated for and compatible with the com-

modity are available. These binders are designed to provide a surface crust and are

applied only to the top of the loaded car. The expense of the binders and their

application are the responsibility of the shipper.

2.5.3 In Transit

(a) After the car is loaded and coupled into the train, the responsibility of

dust abatement belongs to the carrier. This operation involves only open top cars.

(b) The method of preventing fugitive dust can be classified into several

categories.

(1) A plastic or fiberglass top, which becomes an integral part of the car,

is reusable, and should be supplied by the carrier.

(2) An appropriate size wire or fabric netting may be reused if the car is

assigned to one shipper. However, if the car is assigned to a pool of

shippers the wire or net may not be applicable for reuse. The shipper

should then supply this type of preventive measure.

(3) All non-reusable dust suppressants should be supplied by the shipper.
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2.5.4 Unloading Cars

(a) There are several methods of unloading cars, depending upon the com-

modity. Some cars are constructed so that the material will fall free of the car as the

doors in the floor are opened. There are some cars that may be rotary-dumped in

order to rapidly remove the commodity. Either method of unloading will cause dust

to become an environmental problem. However, a fine mist spray of water may

satisfactorily suppress coal and ore dust. Sometimes a small amount of a non-

polluting wetting agent in the spray may reduce the water requirements.

(b) Covered hopper cars are used to haul sand which may create an unloading

problem on railroad property. When a fine mist spray of water cannot be used as

an abatement measure an exhaust fan and hood, as described in 2.5.2 (b) will

suffice.

Your committee recommends for adoption the following Glossary to be inserted

in Chapter 13 of the Manual as Appendix A, Part 2.

APPENDIX A

GLOSSARY

Abatement: The method of reducing the degree of intensity of pollution, also the

use of such a method.

Ant Pollution: The presence of contaminants in the air in concentrations that

prevent the normal dispersive ability of the air and that interfere directly or

indirectly with man's health, safety or comfort or with the full use and enjoy-

ment of his property.

Chemical Binder: A chemical solution which strongly absorbs to the surface of

mineral or solid fuels, forming a protective film.

CFM: Cubic feet per minute.

Dust: Fine-grain particulate matter that is capable of being suspended in air.

Fugitive Dust: Solid airborne particulate matter or dust emitted from any source

other than a flue or stack.

Incineration: The controlled process by which solid, liquid or gaseous combustible

wastes are burned and changed into gases; the residue produced contains little

or no combustible material.

Incinerator: An engineered apparatus used to bum waste substances and in which
all the combustion factors—temperature, retention time, turbulence and com-
bustion air—can be controlled.

Vaporization: The change of a substance from the liquid to the gaseous state. One
of three basic contributing factors to air pollution, the others are attrition

and combustion.

Your committee recommends deletion of Section 2.2 Directory of Governmental
Enforcement Agencies, Manual pages 13-2-4 to 13-2-6, inch, and the adoption of
the following Directory of Air Pollution Control Agencies to be inserted in Chapter
13 as Appendix B of Part 2.
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APPENDIX B

DIRECTORY OF AIR POLLUTION CONTROL AGENCIES

Assistance and information concerning governmental regulations may be secured

from the following:

State of Alabama Department of Public

Health

State Office Building

Montgomery, Alabama 36104

Telephone: 205/269-7632

Department of Environmental

Conservation

Pouch O
Juneau, Alaska 99801

Telephone: 907/586-6721

Division of Air Pollution Control

4019 N. 33rd Avenue

Phoenix, Arizona 85017

Telephone: 602/271-5306

Arkansas Department of Pollution Con-

trol and Ecology

8001 National Drive

Little Rock, Arkansas 72202

Telephone: 501/371-1701

Air Resources Board

1025 "P" Street

Sacramento, California 95814

Telephone: 916/445-1511

Air Pollution Control Division

Colorado Department of Health

4210 E. 11th Avenue

Denver, Colorado 80220

Telephone: 303/388-6111

Air Compliance Section, Dept of En-

vironmental Protection

165 Capitol Avenue

Hartford, Conn. 06115

Telephone: 203/566-4030

Delaware Dept of Natural Resources &
Environmental Control

Division of Environmental Control

Tatnall Building, Capitol Complex

Dover, Delaware 19901

Telephone: 302/678-4761

Bureau of Air & Water Pollution Control

Air Pollution Division

Dept of Human Resources

25 "K" Street, N.E.

Washington, D.C. 20002

Telephone: 202/629-3748

Department of Pollution Control

Suite 300, Tallahassee Bank Bldg.

315 S. Calhoun Street

Tallahassee, Florida 32301

Telephone: 904/224-9151

Environmental Protection Division

Dept of Natural Resources

47 Trinity Avenue, S. W.
Atlanta, Ga. 30334

Telephone: 404/656-4713

Air Samtation Branch, Division of En-

vironmental Health

1250 Punchbowl Street

Honolulu, Hawaii 96813

Telephone: 808/548-6355

Department of Environmental Protection

& Health

Air Pollution Control Section

Statehouse

Boise, Idaho 83707

Telephone: 208/384-2390

Environmental Protection Agency

2200 Churchill Road
Springfield, Illinois 62706

Telephone: 217/525-7326

Indiana State Board of Health

1330 West Michigan Street

Indianapolis, Indiana 46206

Telephone: 317/633-4273

Environmental Engineering Service

Iowa State Department of Health

Lucas State Office Building

Des Moines, Iowa 50319

Telephone: 515/281-5345
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Kansas State Department of Health

535 Kansas Avenue

Topeka, Kansas 66603

Telephone: 913/296-3896

Kentucky Air Pollution Control

Commission

275 E. Main Street

Frankfort, Kentucky 40601

Telephone: 502/564-3382

Air Control Section

Bureau of Environmental Health

Louisiana State Dept of Health

P.O. Box 60630

New Orleans, Louisiana 70160

Telephone: 504/527-5115

Department of Environmental Protection

Bureau of Air Pollution Control

State House

Augusta, Maine 04330

Telephone: 207/289-2811

Bureau of Air Quality Control

Maryland State Department of Health &
Mental Hygiene

610 N. Howard Street

Baltimore, Maryland 21201

Telephone: 301/383-2779

Bureau of Air Quality Control

Div. of Environmental Health

600 Washington Street

Boston, Mass. 02111

Telephone: 617/727-2658

Division of Air Pollution Control

Michigan Dept of Public Health

3500 N. Logan Street

Lansing, Michigan 48914
Telephone: 517/373-1410

Division of Air Quality

Minnesota Pollution Control Agency
717 Delaware Street, S. E.

Minneapolis, Minn. 55440
Telephone: 612/378-1320

Mississippi Air & Water Pollution Control

Commission

Robert E. Lee Building

Jackson, Mississippi 39205
Telephone: 601/354-6783

Missouri Air Conservation Commission

P. O. Box 1062

Jefferson City, Missouri 65101

Telephone: 314/635-9145

Montana State Department of Health

and Environmental Science

Cogswell Building

Helena, Montana 59601

Telephone: 406/449-3454

Division of Air Pollution Control

State Department of Environmental

Control

P. O. Box 94653

State House

Lincoln, Nebraska 68509

Telephone: 402/471-2186

Bureau of Environmental Health

Nye Building, 201 South Fall Street

Carson City, Nevada 89701

Telephone: 702/882-7870

New Hampshire Air Pollution Control

Agency

61 S. Spring Street

Concord, New Hampshire 03301

Telephone: 603/271-2281

New Jersey State Bureau of Air Pollution

Control

Division of Environmental Quality

Dept of Environmental Protection

P. O. Box 1390

Trenton, New Jersey 08625

Telephone: 609/292-5450

Environmental Improvement Agency
PERA Bldg., College & W. Manhattan

Santa Fe, New Mexico 87501

Telephone: 505/827-2813

New York State Department of Environ-

mental Conservation

50 Wolf Road
Albany, New York 12201

Telephone: 518/457-7231

Department of Natural & Economic

Resources

Office of Water & Air Resources

P. O. Box 27687

Raleigh, North Carolina 27611

Telephone: 919/829-3006
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North Dakota State Dept of Health

State Capitol

Bismarck, North Dakota 58501

Telephone: 701/224-2371

Air Pollution Unit

Ohio Dept of Health

450 E. Town Street

Columbus, Ohio 43216

Telephone: 614/469-6126

Air Pollution Control Division

Environmental Health Services

Oklahoma State Dept of Health

3400 N. Eastern Avenue

Oklahoma City, Oklahoma 73105

Telephone: 405/427-6561

Dept of Environmental Quality

1234 S.W. Morrison Street

Portland, Oregon 97205

Telephone: 503/229-5630

Bureau of Air Quality & Noise Control

Department of Environmental Resources

Commonwealth of Pennsylvania

P. O. Box 2351

Harrisburg, Penna. 17105

Telephone: 717/787-6833

Environmental Quality Board

P. O. Box 11488

Santurce, Puerto Rico 00910

Telephone: 809/725-5140

Rhode Island Division of Air Pollution

Control

204 Health Bldg., Davis Street

Providence, Rhode Island 02908

Telephone : 401/277-2808

South Carolina Pollution Control

Authority

Division of Air Pollution Control

1321 Lady Street

P. O. Box 11628

Columbia, South Carolina 29211

Telephone: 803/758-2966

South Dakota State Department of

Health, Division of Sanitary Engineer-

ing & Environmental Protection, Air

Quality Control

Office Bldg #2
Pierre, South Dakota 57501
Telephone: 605/224-3351

Division of Air Pollution Control

Department of Public Health

C2-212, Cordell Hull Building

Nashville, Tennessee 37219

Telephone: 615/741-3931

Air Pollution Control Services

Texas State Dept of Health

1100 W 49th

Austin, Texas 78756

Telephone: 512/454-3781, Ext 380

Utah State Division of Health

44 Medical Drive

Salt Lake City, Utah 84113

Telephone: 801/328-6108

Agency of Environmental Conservation

Air Pollution Control

P. O. Box 489

Montpelier, Vermont 05602

Telephone: 802/828-3395

State Air Pollution Control Board

Room 1106, Ninth St. Office Bldg.

Richmond, Virginia 23219

Telephone: 703/770-2378

Division of Environmental Health

Department of Health

P. O. Box 1442

St. Thomas, V. I. 00801

Telephone: 809/774-6880

Washington State Department of Ecology

P. O. Box 829

Olympia, Washington 98504

Telephone: 206/753-2821

West Virginia Air Pollution Control

Commission

1558 Washington Street, East

Charleston, West Virginia 25311

Telephone: 304/348-3286

Dept of Natural Resources

Bureau of Air Pollution Control & Solid

Waste Disposal

4610 University Avenue

Madison, Wisconsin 53705

Telephone: 608/266-0924
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Air Quality Section

Division of Health & Medical Services

State Office Building

Cheyenne, Wyoming 82001

Telephone: 307/777-7534

CANADA

Provincial Air Pollution Control Agencies

Air Pollution Control Section

Division of Environmental Health

Alberta Department of Health

Administration Building

109th St. and 98th Avenue

Edmonton 6, Alberta

Telephone: 403/229-4551

Pollution Control Branch

Department of Lands, Forests and Water

Resources

Parliament Buildings

Victoria, British Columbia

Telephone: 604/387-5321

Environmental Protection Branch

Department of Mines, Resources and

Environmental Management
419 Graham Avenue, Room 300

Winnipeg 1, Manitoba

Telephone: 204/946-7785

Public Health Services

Department of Health and Welfare

Centennial Building

Fredericton, New Brunswick

Department of Provincial Affairs and
Environment

Elizabeth Towers

St. John's, Newfoundland

Department of Industrial Environment

Environment Protection Services

Parliament Buildings

Quebec City, Quebec

Telephone: 418/643-6640

Air Pollution Control Branch

Department of the Environment

Saskatchewan Power Building, 11th Floor

Regina, Saskatchewan

Telephone: 306/523-9676

Federal Air Pollution Control Agencies

Air Pollution Control Directorate

Department of the Environment

Ottawa, Ontario K1A OH3
Telephone: 613/996-0515

Division of Public Health Engineering

Department of Public Health

Box 488, Hallis St.

Halifax, Nova Scotia

Air Management Branch

Ministry of the Environment

880 Bay Street, 4th Floor

Toronto, Ontario

Telephone: 416/965-6343

Environmental Control Commission

Box 2000

Charlottetown, Prince Edward Island



Manual Recommendations 357

Report on Assignment 3

Land Pollution Control

A. J. Dolby (chairman, subcommittee), P. P. Dunavant, Jr., T. L. Hendrix, J. D.
Hoff, F. L. Manganaro, L. R. Tierney, J. W. Zwick.

Your committee submits for adoption and publication in Part 3, Chapter 13 of

the Manual, the following new Section 3.4 Disposal of Toxic Wastes.

3.4 DISPOSAL OF TOXIC WASTES
3.4.1 General Statement

(a) The disposal of toxic wastes has become one of the most difficult problems

facing those charged with the environmental affairs of railroad operations. Indis-

criminate burning or dumping of waste material is no longer possible, and public

disposal facilities are becoming increasingly selective as to the materials which they

will accept.

(b) The responsibility for safe disposal of toxic waste lies with the individual

generating the wastes. It is necessary therefore that those involved, directly or in a

supervisory capacity, with waste-producing and waste-disposal operations be gen-

erally familiar with common toxic materials and their proper handling.

(c) The sources of toxic wastes encountered by the railroad industry can be

generally categorized as ( 1 ) normal plant operations and ( 2 ) in-transit spills and

leaks. Toxic wastes generated in the course of normal operations should be inven-

toried and contingency plans should be established for large spills during normal

operations and for in-transit spills. The remainder of the report will be devoted to

developing contingency plans, measures to be taken for disposing of toxic wastes

from in-transit spills, which almost always create emergency situations, and common
disposal methods.

3.4.2 Contingency Plan

(a) Toxic materials are common to the rail industry. Potentially hazardous

materials are often used in normal operations and millions of tons of these materials

are transported by rail without incident; however, it must be recognized that there

are circumstances under which any of these materials could conceivably be involved

in a spill. For this reason, each railroad should chaw up contingency plans to handle

the large spills in normal operations and in-transit spills.

(b) Copies of the contingency plans should be regionally distributed for in-transit

spills and locally for large spills occurring during normal shop operations. The plans

should include the following information:

(1) The names and phone numbers of those people responsible for cleaning

up the spill and several knowledgeable people within the railroad who
could give immediate technical and legal advice.

(2) A list of the necessary federal, state, and local governmental agencies

which must be notified in that area. A directory of state land pollution

and solid wastes agencies is included in Appendix B, Part 3 of Chapter 13.

(3) If the material reaches a water course, downstream municipalities and

industries must be alerted so they can determine whether to shut down

their raw water intakes. Adjacent landowners must be advised of any

potential hazard to crops, livestock or wells.
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(4) The type of information to be given when reporting a spill should include

the exact location, the size of spill, the numbers of the damaged cars

(if applicable), the identity of the material (if known), the identity of the

shipper or manufacturer (if known), the environment and health threats

posed by the spill.

(5) A list of equipment available to clean up spills and its location (both

within the company and rental equipment).

(c) Other references such as those listed in Art. 3.4.5 should also be available

with the contingency plans.

3.4.3 Emergency Measures

(a) Emergency measures include consideration of the health and safety of indi-

viduals in the immediate area and workmen cleaning up the spill, confinement and

proper handling of spilled material and acting to minimize the ultimate effect of the

spill on the environment.

(b) The health and safety of the individuals in the surrounding area are of

prime concern. Evacuation should be considered when the threat of explosion, fire,

or escaping vapors or fumes endangers the inhabitants of the surrounding area. The
proper local, state, and federal health officials should be consulted before such

action is taken.

(c) The necessary protective clothing and other safety equipment should be

provided to the workmen cleaning up the spill. Typical protective equipment would

be chemical safety goggles, respirators, rubber gloves, etc.

(d) Confinement is perhaps the most important operation in minimizing land

pollution. A liquid spill should be diked as quickly as possible to prevent it from

spreading over a wide area. Care should be taken so the toxic wastes do not enter

drains, sewers or waterways and, in the case of a liquid, it should be prevented

from soaking into the ground since tin's could enter the watertable and thereby

contaminate water supplies or waterways into which it could drain.

(e) If possible, highly flammable materials should be pumped into one or more
suitable containers to reduce the volume subject to ignition by natural or man-made
initiators. Equipment listed or approved for use in hazardous locations by nationally

recognized laboratories should be used.

(f) In many cases, dry solid toxic wastes may be scooped and placed in

appropriate containers. However, care should be taken since some chemicals become
highly reactive when they come in contact with air or moisture.

(g) Some chemicals are very corrosive to metal containers while others are

reactive with plastic coated containers. Care should be taken in choosing the con-

tainer in which the toxic wastes are placed. If some doubt exists as to what type

of container to use, the manufacturer of the toxic material should be consulted.

As a general guide, use the same type of container in which the toxic material

was shipped.

(h) In some cases, the toxicity of the wastes can be reduced or eliminated by
on-site chemical treatment; in particular, many inorganic chemicals can be handled
in this manner. Examples of this are neutralization of acidic and caustic chemicals.

Many types of acids may be neutralized by using limestone, caustic soda, soda ash

or other alkaline material. Caustic materials may be neutralized by a dilute acid,

typically a weak acid (e.g., acetic acid).
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(i) Do not discharge neutralized and diluted wastes and spills to drains, sewers

or waterways without prior consent of the local municipal treating plant.

(j) All federal, state, and local regulations concerning disposal of chemical

wastes and spills, as they may affect health and pollution control, must be observed.

3.4.4 Disposal

(a) Disposal of toxic wastes must be carefully planned and supervised. Every

precaution has to be taken to assure that the toxic materials will remain at the

disposal site and not damage the environment further. The various types of dis-

posal include landfill, impoundment and evaporation, deep well disposal, incinera-

tion, and on-site treatment.

( b ) Landfill disposal, in most cases, is the most convenient and economic means

of disposing of wastes. However, caution should be taken when disposing of toxic

wastes in this manner. Many licensed landfills are prohibited or limited by state

regulations on the amount of toxic wastes that can be accepted. In many states,

a company must be licensed by a state agency before it can operate a landfill on its

own land. State agencies and regulations should be consulted when considering this

means of disposal.

(c) Impoundment and evaporation is an effective on-site disposal in areas hav-

ing favorable climatological conditions. Organic sludges can be spread in unused

areas and turned under with a plow. The waste is subsequently broken down and

assimilated by soil bacteria. This method is often effective for lye vat residue if

discretion is used in the amount applied and the locality chosen for disposal.

(d) Deep well disposal may be considered; however, it is falling into increasing

disfavor among pollution control agencies. The Environmental Protection Agency

rarely allows deep well disposal of toxic wastes.

(e) Incineration is becoming popular as disposal method for liquid, solid and

gaseous wastes. However, for a very large operation the capital investment is con-

siderable, the problem of ultimate disposal of a residue which would be smaller

but possibly just as toxic exists and pollution standards must also be met. In addi-

tion, care must be exercised, as many combustible wastes produce harmful by-

products. Chlorinated hydrocarbons used in many degreasers and other solvents

can form toxic products upon combustion. Expert advice should be obtained before

incineration is selected.

(f) When considering the use of these methods of disposal, the federal, state

and local agencies should become involved in the decision making. Often an on

scene coordinator will be selected to represent all the government agencies. A direc-

tory of state land pollution and solid wastes agencies is included in this report as

Appendix B.

3.4.5 Suggested References on Handling Toxic and Dangerous Materials

(a) The following are suggested references that should be made available with

the contingency plan:

Bureau of Explosives Publications

B. E. Pamphlet No. 1, "Hazardous Material Emergency Guide—Recom-

mended Good Practice for Handling Collision & Derailments Involving

Hazardous Materials in Transportation."
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B. E. Pamphlet No. 2, "Hazardous Materials Emergency Guide—Recom-

mended Good Practice for Handling Spills Involving Hazardous Materials

in Transportation."

National Fire Protection Association publication, "Fire Protection Guide on

Hazardous Materials."

Railway Systems and Management Association publication, "Handling Guide

for Potentially Hazardous Commodities."

Your committee recommends the adoption of the following definitions relating

to land pollution control to be inserted in Chapter 13 as Appendix A of Part 3.

APPENDIX A

DEFINITIONS OF LAND POLLUTION CONTROL TERMS
Baler: A machine used to compress and bind solid waste or other materials.

Chipper: A size-reduction device having sharp blades attached to a rotating shaft

(mandrel) that shave or chip off pieces of certain objects, such as tree branches

or brush.

Compaction: The reduction of volume of material under load

Contamination: A general term signifying the introduction onto the land of micro-

organisms, chemicals, wastes, or sewage which renders the land unfit for its

intended use.

Cover Material: Soil that is used to cover compacted solid waste in a sanitary

landfill.

Cut-Off Trench: A trench that is filled with material that is impermeable or very

permeable to the flow of gas or water. The barrier is used to prevent the move-

ment of gas or water or to intercept them and to direct them to another

location.

Deep Well Disposal: The disposal of industrial waste material below the surface

of the earth in a storage basin occupying a confined area. Depth can vary

from several hundred to 1200 feet.

Disposal: Ocean—The deposition of waste into an ocean or estuarine body of

water.

On-Site—The utilization of methods or processes to eliminate or reduce the

volume or weight of solid waste on the property of the generator.

Waste—The orderly process of discarding useless or unwanted material.

Dump: A land site where solid waste is disposed of in a manner that does not pro-

tect the environment.

Dumping: An indiscriminate method of disposing of solid waste. Meaning the un-

loading or emptying of a container: use discharging.

Flood Plain: That relatively flat plain which lies along the course of a stream

and which is subject to flooding.

Garbage: Putrescible animal and vegetable wastes resulting from the handling,

preparation, cooking, and consumption of food, including wastes from markets,

storage facilities, handling and sale of produce and other food products.
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Groundwater: Water in the ground that is below the water table.

Hazardous Waste: Solid or liquid waste with inherent dangers, including but not

limited to: toxic chemicals, explosives, pathological wastes, radioactive mate-

rials, and materials likely to cause fire.

Heavy Metals: A general name given to the ions of metallic elements such as cop-

per, zinc, iron, chromium, lead, barium, bismuth and mercury. They are nor-

mally removed from a waste water by forming an insoluble precipitate (usually

a metallic hydroxide).

Incineration: The controlled process by which solid, liquid, or gaseous combustible

wastes are burned and changed into gases and the residue produced contains

little or no combustible material.

Land Pollution: The mis-use of land in a way which makes it unfit for man's

future needs, and which would cause either dangerous toxic contamination of

the air and water resources or give them a disagreeable appearance, taste or

color.

Leachate: Liquid that has percolated through solid waste or other medium and

has extracted dissolved or suspended materials from it.

Odor Threshold: The lowest concentration of an airborne odor that a human can

detect.

Open Burning: Uncontrolled burning of wastes in the open or in an open dump.

Percent Moisture Content ( Solid Waste ) : The percent of moisture contained

in solid waste, it can be calculated on a dry or wet basis

100 (water content of sample
)

1. Wet=

2. Dry =
Dry weight of sample & water content of sample

100 (water content of sample

)

Dry weight of sample

Percolation: A qualitative term that refers to the downward movement of water

through soil, solid waste, or other porous medium.

Recycling: A process in which waste or used materials are reconditioned for fur-

ther use.

Refuse: Refuse comprises all of the solid wastes of the community. It includes

semi-liquid or wet wastes with insufficient moisture and other liquid contents

to be free flowing.

Rubbish: A general term for solid waste—excluding food wastes and ashes—taken

from residences, commercial establishments, and institutions.

Sanitary Landfilling: An engineered method of disposing of solid waste on land

in a manner that protects the environment, by spreading the waste in thin

layers, compacting it to the smallest practical volume, and covering it with

soil by the end of each working day.

Sanitary Landfilling Method: Area—A method in which the wastes are spread

and compacted on the surface of the ground and cover material is spread

and compacted over them.

Quarry—A variation of the area method in which the wastes are spread and

compacted in a depression; cover material is generally obtained elsewhere.
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Ramp—Another variation of the area method in which a cover material is

obtained by excavating in front of the working face. A variation of this

method is known as the progressive slope sanitary landfilling method.

Trench—A method in which the waste is spread and compacted in a trench.

The excavated soil is spread and compacted over the waste to form the

basic cell structure.

Wet Area—A method used in a swampy area where precautions are taken to

avoid water pollution before proceeding with the area landfill technique.

Scavenger: One who participates in the uncontrolled removal of materials at any

point in the solid waste stream.

Solid Waste: Useless, unwanted, or discarded material with insufficient liquid con-

tent to be free flowing.

Agricultural—The solid waste that results from the rearing and slaughtering of

animals and the processing of animal products and orchard and field crops.

Commercial—Solid waste generated by stores, offices and other activities that

do not actually turn out a product.

Industrial—Solid waste that results from industrial processes and manufacturing.

Institutional—Solid wastes originating from educational, health care, and

research facilities.

Municipal—Normally, residential and commercial solid waste generated within

a community.

Pesticide—The residue resulting from the manufacturing, handling, or use of

chemicals for killing plant and animal pests.

Residential—All solid waste that normally originates in a residential environ-

ment. Sometimes called domestic solid waste.

Solid Waste Management: The purposeful, systematic control of the generation,

storage, collection, transport, separation, processing, recycling, recovery, and

disposal of solid wastes.

Test Well: Well drilled in the area of a sanitary landfill from which water is

extracted and tested to determine its quality; a means of testing for ground

water contamination by the landfill.

Toxic Material: Matter in such quantity, of such nature, for such duration and

under such conditions as to cause damage to organisms in the affected environ-

ment. The degree of toxicity is measured by the median tolerance limit.

White Goods: Discarded kitchen and other large enameled appliances.

Your committee recommends the adoption of the following Directory of Land
Pollution Control Agencies to be inserted in Chapter 13 of the Manual as Appendix

B of Part 3.
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APPENDIX B

DIRECTORY OF LAND POLLUTION CONTROL AGENCIES
Department of Public Health

State Office Building—Room 315

Montgomery, Alabama 36104

Telephone: 205-269-7697

General Engineering Section

Department of Environmental

Conservation

State of Alaska

Pouch O
Juneau, Alaska 99801

Telephone: 907-586-6721

Division of Sanitation

Environmental Health Services

Arizona State Department of Health

2975 Fairmount Avenue

Phoenix, Arizona 85017

Telephone: 602-271-4641

Arkansas Pollution Control Commission

8801 National Avenue
Little Rock, Arkansas 72209

Telephone: 501-371-1701

State Department of Public Health

2151 Berkeley Way
Berkeley, California 94704

Telephone: 415-843-7900, Ext. 552

Colorado Department of Health

4210 East Eleventh Place

Denver, Colorado 80220

Telephone: 303-388-6111, Ext. 323

Environmental Protection Agency—Solid

Wastes

165 Capitol Avenue

Hartford, Connecticut 06115

Telephone: 203-566-3672

Delaware Department of Natural Re-

sources and Environmental Control

Bureau of Environmental Control—Air

Resource Section

Capitol Building—Capitol Complex

Dover, Delaware 19901

Telephone: 302-678-4792

Department of Environmental Services

Room 309, Presidential Building

415, 12th Street, N. W.
Washington, D. C. 20004

Telephone: 202-629-2255

Department of Pollution Control

Montgomery Building

2562 Executive Center Circle East

Tallahassee, Florida 32301

Telephone: 904^88-1831

Department of Natural Resources

Solid Wastes Management Section

535 Milam Avenue, S. W.
Atlanta, Georgia 30315

Telephone: 407-762-6111

State Department of Health

P. O. Box 3378

Honolulu, Hawaii 96801

Telephone: 808-548-2811, Ext. 521

Solid Waste Management and Vector

Control Section

Environmental Improvement Division

Idaho Department of Health—Statehouse

Boise, Idaho 82707

Telephone: 208-964-2390

Environmental Protection Agency—Land

Pollution Control

2200 Churchill Road

Springfield, Illinois 62706

Telephone: 217-525-6760

Indiana State Board of Health

1330 West Michigan Street

Indianapolis, Indiana 46206

Telephone: 317-633-5467

Environmental Engineering Service

Iowa State Department of Environmental

Quality

Lucas State Office Building

Des Moines, Iowa 50319

Telephone: 515-281-3045
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Kansas State Department of Health

—

Division of Environmental Health

535 Kansas Avenue

Topeka, Kansas 66603

Department for Natural Resources &
Environmental Protection

Division of Solid Wastes

Capitol Plaza

Frankfort, Kentucky 40601

Telephone: 502-546-6716

Solid Waste Control Section

Bureau of Environmental Health

Louisiana State Department of Health

P. O. Box 60630

New Orleans, Louisiana 70160

Telephone: 504-527-5113

Department of Enviromental Protection

Bureau of Land Quality Control

Division of Solid Waste Management

Victory Hill Building

Augusta, Maine 04330

Telephone: 207-289-2437

Division of Solid Wastes Control

Maryland State Department of Health

and Mental Hygiene

610 North Howard Street

Baltimore, Maryland 21201

Telephone: 301-383-2771

Bureau of Community Sanitation

Division of Environmental Health

Department of Public Health

600 Washington Street

Boston, Massachusetts 02111

Telephone: 617-727-2655

Bureau of Environmental Health

Division of Solid Wastes

Michigan State Department of Public

Health

2500 Logan Street

Lansing, Michigan 48914

Telephone: 517-373-6620

Division of Solid Wastes

Minnesota Pollution Control Agency
717 Delaware Street, S. E.

Minneapolis, Minnesota 55440
Telephone: 612-378-5564

Solid Waste Planning Unit

Division of Sanitary Engineering

Mississippi State Board of Health

Felix J. Underwood State Board of

Health Building

P. O. Box 1700

Jackson, Mississippi 39205

Telephone: 601-354-6616

Missouri Division of Health

Broadway State Office Building

221 West High Street

Jefferson City, Missouri 65101

Telephone: 314-751-3749

Division of Environmental Sanitation

Montana State Department of Health

Helena, Montana 59601

Telephone: 406-449-2406

Department of Environmental Control

Division of Solid Waste Control

State House Station

P. O. Box 94757

Lincoln, Nebraska 68509

Telephone: 402-471-2186

State Department of Health & Welfare

201 South Fall Street

Carson City, Nevada 89701

Telephone: 702-882-7870

Section of Solid Waste

Bureau of Food and Chemistry

Division of Public Health

61 South Spring

Concord, New Hampshire 03301

Telephone: 603-271-2747

New Jersey State Bureau of Solid Waste

Management
Division of Environmental Quality

Department of Environmental Protection

P. O. Box 1390

Trenton, New Jersey 08625

Telephone: 609-292-7645

Solid Waste Management Section

General Sanitation Division

Environmental Improvement Agency

Room 517, PERA Building

P. O. Box 2348

Santa Fe, New Mexico 87501

Telephone: 505-827-2693
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Bureau of Solid Wastes

Department of Environmental

Conservation

50 Wolf Road
Albany, New York 12206

Telephone: 518^59-6603

Solid Waste Vector Control Section

Sanitary Engineering Division

State Board of Health

P. O. Box 2091

Raleigh, North Carolina 27602

Telephone: 919-829-3589

Division of Water Supply & Pollution

Control

North Dakota State Department of

Health

State Capitol

Bismarck, North Dakota 58501

Telephone: 701-224-2386

Ohio Environmental Protection Agency

Solid Waste Division

1030 King Avenue

Columbus, Ohio 43216

Telephone: 614-169-2390

Solid Waste Management Section

Enviromental Health Services

Oklahoma State Department of Health

3400 North Eastern Avenue

Oklahoma City, Oklahoma 73105

Telephone: 405^27-6561

Solid Waste Management Division

Oregon State Department of Environ-

mental Quality

1234 S. W. Morrison Street

Portland, Oregon 97205

Telephone: 503-229-5696

Division of Solid Wastes Management
Bureau of Land Protection

Department of Environmental Resources

P. O. Box 2063

Harrisburg, Pennsylvania 17120

Telephone: 717-787-7382

Rhode Island Division of Solid Wastes

Control

200 State Office Building

Providence, Rhode Island 02403
Telephone: 401-277-2808

Solid Waste Division

Bureau of Environmental Engineering

J. Marion Sims Building

2600 Bull Street

Columbia, South Carolina 29201

Telephone: 803-758-5631

Division of Sanitary Engineering and

Environment Protection

State Office Building No. 2

Pierre, South Dakota 57501

Telephone: 605-224-3351

Division of Sanitation and Solid Waste

Management
Tennessee Department of Public Health

301, 7th Avenue, North

Nashville, Tennessee 37219

Telephone: 615-741-3424

Environmental Development Program

Department of Sanitary Engineering

Texas State Department of Health

1100 West 49th Street

Austin, Texas 78756

Telephone: 512-454-3781, Ext. 258

Solid Waste

Utah State Division of Health

44 Medical Drive

Salt Lake City, Utah 84113

Telephone: 801-328-6163

Solid Waste and Air Pollution

Division of Environmental Protection

Montpelier, Vermont 05602

Telephone: 802-828-3395

Bureau of Solid Waste and Vector

Control

Virginia State Health Department

401-A Colloy Avenue

Norfolk, Virginia 23507

Telephone: 703-627-4511

Land Resources Planning

Washington State Department of Ecology

Olympia, Washington 98504

Telephone: 206-753-6884

Water Resource Division

Department of Natural Resources

State Capitol

Charleston, West Virginia 25305

Telephone: 304-348-2107
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Bureau of Air Pollution and Solid Waste Sanitary Engineering Services

DisP°sal State Health Department
Department of Natural Resources Pi , „m „ .,,.

ti ^ r. Am State Office Building
P. O. Box 450

Cheyenne, Wyoming 82001Madison, Wisconsin 53701

Telephone: 608-266-0924 Telephone: 307-777-7513

CANADA

Environment Canada

Environmental Protection Service

Ecological Protection Branch

Solid Waste Management Division

Ottawa, Ontario K1A OH3

Director, Division of Pollution Control

Department of Environment

Edmonton, Alberta

Director, Pollution Control Branch

Water Resources Service

Parliament Buildings

Victoria, British Columbia

Department of Mines, Resources and

Environmental Management

Environmental Protection Branch

Box 7, Bldg. 2, 139 Tuxedo Avenue

Winnipeg, Manitoba R3C OV8

Department of Fisheries and Environment

Pollution Control Branch

Centennial Building

Fredericton, New Brunswick

Newfoundland and Water Authority

P. O. Box 5427

St. John's, Newfoundland

Nova Scotia Water Resources

Commission

P. O. Box 998

Halifax, Nova Scotia

Ministry of the Environment

Waste Management Branch

135 St. Clair Avenue West
Toronto, Ontario M4V 1P5

Prince Edward Island

Environmental Control Commission

P. O. Box 2000

Charlottetown, Prince Edward Island

Department of Industrial Environment

Hotel du Gouvernement

Quebec, Quebec

Department of Public Health

Regional Health Service Branch

Room 332, Provincial Health Building

Regina, Saskatchewan S4S OA6

Report on Assignment 5

Plant Utilities—Design, Construction and Operation

J. L. Engler (chairman, subcommittee), L. R. Burdge, J. W. Gwyn, P. M. Miller,
A. D. Rankins, J. C. Roberts.

Your committee recommends the deletion of Sec. 5.6, Part 5, Chapter 13 of

the Manual, pages 13-5-45 to 13-5-57, inch, and the substitution therefor of the

following revised Sec. 5.6.
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5.6 DIESEL LOCOMOTIVE FUEL AND WATER SERVICES

5.6.1 Fueling Facilities

5.6.1.1 General Considerations

(a) Characteristics of Diesel Fuel Oil—The design of facilities for handling

diesel fuel oil must minimize contamination and take into consideration fuel oil

characteristics which will vary with the producer and as ordered by the individual

railroad. Design should also recognize that economic pressure or a national emergency

can adversely affect the quality of the fuel oil, especially with regard to viscosity,

pour point, flash point and stability.

(b) Compliance with Governings Laws Regarding Approval of Plans, Etc.:

1. Submission of Plans. Most state fire codes require that plans for fuel oil

storage or handling facilities be submitted to the state fire marshall for

approval before construction is started. Where fuel is to be unloaded from

barges or other waterborne transportation, approval from the Corps of

Engineers and Coast Guard may be necessary.

2. Location of Storage Tanks. It is usually required that diesel fuel oil storage

tanks be separated from each other by a distance equal to the diameter

of the largest, and from the nearest property line by the same distance.

3. Dikes. Storage tanks should be surrounded by dikes, designed to contain

the fuel oil to the immediate area in case of disaster.

4. Anti-pollution measures—Track pans are readily available for fueling

tracks and locomotive ready tracks for collection of any spillage or leakage.

Oil is collected for reclamation thru a sewer arrangement at the site

rather than diverted into a yard sewer system. Also available are sand

traps, oil separators, oil removing treating plants and automatic shut-off

nozzles.

(c) High-Speed Fueling—With increased scheduling of trains, quick turns at

division points, and increasing distances between fueling stations, it is becoming

more important to reduce time allotted to refueling locomotives. High-speed fueling

should be a one-spot service facility providing absolutely dependable automatic

fueling for run-through servicing of locomotives ready for dispatch. Design of new

modern locomotive high-speed fueling facilities should be planned for heavy-duty

operation with adequate space between tracks for handling equipment and free

movement of personnel.

5.6.2 Fuel Oil Storage Facilities

5.6.2.1 Storage Requirements

(a) Adequate storage should be available for reserve in the event of interrup-

tion of delivery from normal sources of supply. Recommended practice is: For small

stations—30 clays reserve; for large stations and system—60 days reserve.

5.6.2.2 Types and Sizes of Storage Tanks

(a) Common and recommended practice is to use prefabricated cylindrical-

type tanks for small stations and field-erected standpipe-type tanks at large

consumption points.

(b) The size of prefabricated tanks is limited only by clearance restrictions

pertaining to the method of transportation.
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(c) Field-erected standpipe-type tanks have been installed by railroads in

sizes ranging from 25 ft in diameter by 25 ft high (100,000 gal), to 110 ft in

diameter by 35 ft high (2,500,000 gal).

(d) The decision of whether to install several smaller tanks instead of one large

one should be based on total storage requirements, available space and relative

costs. The operating advantages of a multiple-tank installation are obvious.

(e) Where normal consumption at a station calls for storage capacity of less

than 100,000 gal, it will be economically advantageous to use one or more prefabri-

cated tanks. For over 100,000 gal use field-erected standpipe-type tanks.

(f) Underground tanks save the cost of placing dikes but are generally more

expensive due to extra thickness of plate required, excavation required, and anchor-

ing required to prevent flotation. A major disadvantage to underground storage is

that leakage is hard to detect and it is hard to drain water from the tanks.

5.6.2.3 Design and Construction of Tanks

(a) It is customary to contract for the fabrication and erection of standpipe-

type storage facilities by outside steel companies on foundations furnished by the

railway company. It is recommended that the tank itself be constructed in accord-

ance with current API Specifications for Welded Steel Water and Oil Tanks. Struc-

turally supported roofs should be used on tanks over 30 ft in diameter.

5.6.2.4 Tank Appurtenances and Fixtures

(a) All tank appurtenances should comply with current API, American Insur-

ance Association, OSHA and EPA specifications.

(b) Cylindrical storage tanks should be equipped with shell nozzle for inlet

and outlet pipe connection, shell nozzle for drain connection, manhole on the top

side, gaging hatch, level indicator, and a vent, the size of which should be in

accordance with the American Petroleum Institute Venting Guide.

(c) Standpipe-type storage tanks should have the following appurtenances:

Shell nozzle for inlet and outlet pipe connection, shell nozzle for water drawoff

connection, shell connections for permanently attached fire protection when required

by local codes and in accordance with nationally recognized standards, 24-inch-

diameter shell manhole, 24-inch-diameter roof manhole, outside and inside ladders,

level indicator, gaging hatch, water draw-off sump, and vent sized in accordance

with the API venting guide mentioned above.

(d) Recommended design features for tank appurtenances are as follows:

1. Location of Tank Outlet. Outlets should be located so that fuel oil will

be drawn off 6 to 12 inches above bottom of tank, thus allowing space

for collection of water and sludge. A more desirable method would be

the installation of a float-operated swing pipe suction within the tank;

the float to support the free end to near the oil surface, thus always

drawing the cleanest oil from the tank.

2. Water Draw-off Sump and Valve. Provide a small sump in bottom of

standpipe-type tanks, with siphon pipe and a non-freeze valve in the shell

to draw off accumulations of water.

3. Internal Check Valves. Provide an internal check (safety) valve in outlet

pipe, which will automatically close in the event of fire, as and when
required by state fire laws.
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4. Level Indicators. These should be installed for the full height of the tank

and be of a design that will permit accurate determination of the amount

of oil in the tank. For delivery of oil by barge or common carrier pipe-

line, it is customary to base payments on actual tank measurements. In

some instances, pipeline deliveries are metered and corrected to 60 F.

Since storage tanks in this service are required to be strapped and gaged,

gaging hatches are needed.

5. Ladders. Vertical outside and inside ladders, with %- by 2-inch side rails

and /i-inch-diameter rungs are recommended for use on standpipe type

tanks. Roof ladders are not ordinarily needed. The alternate to the ver-

tical ladders is a stair arrangement with hand rail. This arrangement is

desirable where tanks are used to receive fuel from barges of common-

carrier pipelines when frequent climbing of the tank is required for

gaging purposes.

6. Vents. Mushroom, gooseneck or tee-type vents are equally satisfactory. If

existing facilities are used to receive fuel from a common-carrier pipeline,

size of vents may have to be increased to accommodate the higher

pumping rate usually encountered. Vents should comply with API Specifi-

cation No. 2000. Proposed EPA standards require a conservation vent or

its equivalent for diesel oil storage tanks.

5.6.2.5 Tank Foundations

(a) Prefabricated Cylindrical Tanks. Common practice is to set these tanks

horizontally on reinforced concrete saddles on piers or concrete slabs.

(b) Standpipe-type Tanks. The average tank of this design, full of oil, seldom

weighs more than 2000 lb per sq ft of bearing surface, and in most cases can be

installed on relatively inexpensive foundations. At locations where the bearing

capacity of the soil is 3000 lb per sq ft or more, level the site and remove any soft

top soil, then install gravel or medium-size crushed stone over the foundation area

to a height of at least 12 inches above finished grade and to a diameter slightly

greater than that of the tank. This material should be confined at its perimeter by

a circular reinforced concrete curb, which can also serve as support for the outer

rim. The surface area between tank shell and curb, if any, should slope outwardly

and be paved with concrete or asphalt. As a rust preventive measure, a 3-inch sand

cushion, well mixed with a good grade of sulfur-free oil, should be spread over the

area on which the bottom of the tank will rest.

Should design of tank require one central or several internal columns, the

design of the foundation must include adequate concrete footings for these concen-

trated loads.

Where the bearing capacity of the soil is less than 3000 lb per sq ft the founda-

tion for tanks will require special design to meet local conditions.

5.6.2.6 Painting of Tanks

(a) In preparation for painting, specifications should require that tank steel,

after fabrication and before shipment, be immersed (pickled) in a hot dilute phos-

phoric acid bath designed to insure complete removal of mill scale and rust, then

shop painted with a corrosion-resistant protective system. After erection at the site

the outside of the tank shell and roof should receive a second coat of the primer,

followed by the finishing coat. The type of finishing coat should be compatible with

lliil. 645
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the primer and its color in conformity with the railway company's standard. The

majority of railroads in the United States have adopted aluminum or white paint

for this purpose as it reflects rather than absorbs heat from the sun, and tends to

keep the stored oil at a lower temperature in hot weather.

(b) There is no need to paint the interior of fuel oil tanks.

(c) A less expensive but not quite as satisfactory method of painting is to

require that tank steel, after fabrication, be shipped without shop coat of paint. In

this case, after erection, the tank should be allowed to weather for at least six

months, then cleaned by wire brush or sand-blast, after which the conventional

two coats of primer and one finishing coat can be applied

(d) Small leaks can be welded shut or closed with epoxy or polyurethane.

5.6.2.7 Dikes

Use earth construction where space is available and concrete where space is

limited, or as specified by local codes. Earth dikes are usually designed from 4 to 6

ft high, with a 3-ft crown and 1M to 1 slope. The volume enclosed below top of dike

should be at least 25 percent greater than the total capacity of the tank or tanks

within the diked area. Tanks above 35,000 gal capacity should have individual dikes.

5.6.3 Fuel Oil Pumping Facilities

5.6.3.1 Selection of Pump

(a) Types. Electric-driven pumps of either turbine, centrifugal, rotary or gear

type are suitable for pumping oil. Most centrifugal pumps have limited suction lifts

and they should be avoided in cases where pump's intake will not always have a

flooded suction. Some self-priming centrifugal pumps are available and they are

adaptable to both supplying locomotives and unloading oil.

Where possible, suction lifts should be avoided and one way to do so is through

use of a turbine pump or a vertical centrifugal pump. These pumps require a mini-

mum of space and can be powered by a rotating shaft extending downward into

the interior of service tank.

Rotary and gear pumps are usable for both flooded suction and suction lift

conditions, but since they are positive displacement pumps, each must be equipped

with a pressure relief valve and by-pass to prevent excessive pump and line pressure

when locomotive fueling outlets are partially or completely closed.

(b) Pump Motors. Motors must be sized to allow for static head as well as

friction losses in oil supply lines, pumps, filters, valves, hoses, fueling nozzles,

strainers and meters. Motors should be fan-cooled with ball bearings and they should

be either of the totally-enclosed type or explosion-proof type in conformity with

applicable fire codes and Underwriter recommendations. Motors should have a service

factor of 1.15.

(c) Sizes. Diesel locomotives have fuel oil tanks which can contain up to 8,000

gal. Tank filling rates are limited to about 300 gpm due to size of tank vents, fueling

hoses and fueling nozzles. At main line stations where the high-speed fueling rate

should be between 200 and 300 gpm simultaneously to each diesel unit, pumps
should be of sufficiently high capacity to meet this requirement. Pump discharge

pressure should be great enough to overcome various sources of flow friction and

also provide nozzle manufacturer's recommended pressure for the full rated oil flow

at the most remote fuel nozzle.
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(d) Number of Pumping Units:

1. At small facilities, one pump can be used for both fueling locomotives and

for the unloading of fuel.

2. For large facilities, use pumps having the correct characteristics for loco-

motive fueling and separate pumps adaptable to fuel unloading. One or

more pumps can be programmed to operate as the oil demand increases at

installations where high pump capacity is required.

5.6.3.2 Housing of Pumping Equipment

(a) Pumping equipment should be protected from the weather and access by

unauthorized persons. Prefabricated metal buildings have been very satisfactory for

this purpose. They should be of adequate size to accommodate pumps and pump
appurtenances.

(b) In the case of duplicate pumping facilities, common practice, dictated by

economy, is to install pumps together in the same building. Some railroads, however,

prefer installation in separate buildings to retain partial operating capacity should

one pumping plant become totally disabled.

(c) All pump houses should be equipped with explosion-proof lights when Class

1, Group D, materials are handled.

(d) Weather-resistant turbine pumps or vertical centrifugal pumps can be

installed directly upon tanks to avoid need for a building.

5.6.3.3 Pumping Plant Appurtenances and Accessories

(a) Fuel Oil Filters. Diesel fuel should be filtered when it is pumped from

storage to locomotive units. Fuel oil station filtration should have a mean flow pore

size of 20 to 25 microns. This size filter has a longer life and gives adequate filtra-

tion before the final filtration on the locomotive ahead of the injector. A two-stage

filter system can also be used where the first stage filter is a coalescer cartridge for

removing water which may get in the oil via storage tank condensation or other

means and the second stage cartridges are for particle filtration.

1. A cartridge type filter with removable elements is recommended. The

capacity should be greater than the maximum pumping rate. For diesel

fuel oil, filter area should be twice the size recommended for gasoline

filtration.

2. Pleated paper filters are most generally used while other types such as

cellulose, cotton waste, pressed paper and wood fibre types are available.

3. Filters should be replaced when fuel delivery is too low to maintain the

fueling schedule and pressure loss approaches manufacturers recommended

limits.

4. A drain system for the filter bowl should be so designed to permit draining

the filter bowl and replacing the elements without spillage upon floor

or ground to cause pollution.

5. Used filters should be disposed of by collecting in leakproof containers

and delivery to a local incinerator in the yard or by disposal through a

scavenger service.

6. Dual fuel filtering system, where required, may be installed to permit

continuity of fueling while filter replacements are being made.

7. Filters should be located on the discharge side of the pump.
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8. To protect stored oil from the contamination of a dirty fuel consignment,

preliminary filtration can be standard practice as oil is delivered into

storage.

(b) Air Eliminators. This equipment is commonly installed within or near pump
houses on the discharge side of pump and ahead of filters and meters. Its function

is to release entrapped air from the oil before it can reduce the capacity of a filter

installation or cause oil meters to register inaccurately.

(c) Strainers. A 30-mesh strainer should be installed on the upstream side

of all meters, pressure regulating valves, and pumps to prevent damage by foreign

matter. Strainers may be omitted next to a meter or pressure regulating valve already

protected by an oil filter.

(d) Meters. A meter should be installed in the discharge line to the fuel fa-

cility. Some railroads provide separate meters at each fuel outlet.

1. Meters should have a capacity greater than the maximum fueling rate.

2. Rotary positive displacement type meters are accurate, cause little resist-

ance to line flow and are generally suitable for railroad diesel fueling. A
variety of registers and counters are available, depending on local

requirements.

(e) Bypass Piping for High-Speed Fueling. A bypass arrangement is usually

needed for an installation where multiple diesel units must be filled quickly and

concurrently. Purpose of the bypass is to maintain the lowest pipeline pressure

consistent with high-speed fuel delivery and to minimize the shock as fuel nozzles

are suddenly closed at the fueling platform. A relief valve is located on the discharge

side of the pump on the upstream side of the filter and is set to maintain a sufficient

pressure in the header at the fueling area to permit full fuel delivery to the most

remote fuel outlet. Fueling pumps are normally started prior to fueling operations

and precautions should be taken to prevent pump and fuel from heating by friction

during this no-delivery period. It is preferable that the bypass discharge should

extend back to the storage tank, but in some instances it may be advantageous to

return it only as far as the pump suction. The bypass valve should be hydraulically

operated, pilot-controlled, modulating type, activated by line pressure through a

pilot control system, opening fast to maintain steady line pressure and closing

gradually as locomotive fuel outlets are opened, to prevent high pressure surges

in the pump system. Bypass piping design should also include specific measures

to prevent hydraulic hammer in the system.

(f) Electrical Facilities. The electrical work required for a fuel oil pumping

plant consists mainly of power supply to building, circuit breakers, starters and a

start-stop control system for the pumps. Explosion-proof motors and appurtenances

should be installed where Class 1 Group D materials are handled.

A flow control switch in conjunction with a timer limit switch will in due time

stop the pump if personnel fail to do so. Start-stop control requirements vary accord-

ing to local conditions. In general, automatic operation is desirable to the extent

the operation can be made fail-safe. Recommended types of control are shown under

Art. 5.6.6.5.
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5.6.4 Fuel Oil Distribution Lines

5.6.4.1 General

(a) Fuel oil pipe lines can be installed either above or below ground. Pipes

above ground must be supported at intervals and provision made for expansion.

Underground piping must be protected against corrosion.

5.6.4.2 Pipe—Size, Kind; Type Joints

(a) Pipe may be steel, cast iron, lined asbestos cement, suitable plastic or

steel pipe with extruded coatings of PVC. It should be sized to hold friction losses

as low as practicable. Joints may be welded, flanged, screwed, mechanical-joint type

with bolts, or press type using buna-N or suitable gaskets.

5.6.4.3 Depth of Bury for Underground Pipe and Use of Casing

(a) Depth of Bury for Underground Pipe and Use of Casing are covered

under Section 5.1—Specifications for Pipelines Conveying Flammable Substances,

contained in Part 5, Chapter 1 of the AREA Manual.

5.6.4.4 Protection Against Corrosion and Leakage

(a) Leaks in underground fuel oil lines are hard to detect and can result in

considerable loss, soil contamination and potential pollution problems. Recommended

practice for underground work is to coat the pipe with an anti-corrosive preservative

and to wrap it with tarred or plastic wrapping either before or during construction.

Additional precautions are to backfill around the pipe with sand, use cathodic pro-

tection, or non-rusting pipe, i.e, cement asbestos or plastic.

5.6.4.5 Installation of Lines Above Ground

(a) Supports for above-ground piping should be spaced 15 to 20 ft apart

and may be constructed of rail or reinforced concrete. The total expansion-contraction

due to changes in temperature is not too great and may be provided for by the

conventional methods, such as loops, swing joints, and expansion joints.

5.6.5 Unloading Facilities

5.6.5.1 General

(a) Diesel fuel oil delivery may be made by tank cars, highway truck trans-

ports, barges, private pipelines, common-carrier pipelines or combinations of these

methods, depending upon the locality, economics, etc. Planning should include the

possibility of using all available means of delivery and designing the facility so that

the method of delivery can be varied in the direction of greatest economical advan-

tage without interruption of service.

(b) While tank cars used for diesel fuel delivery are so constructed that they

can be unloaded through the valve at the bottom of car or through the dome opening

at the top, only dome unloading is recommended. Unloading from the bottom of the

car is not considered acceptable practice.

(c) Highway transport trucks can be unloaded from the top or bottom but

are best suited to bottom unloading, since most of them are of the multi-compartment

type, connected to a common header at the bottom. Local regulations should be

investigated in this respect. These highway vehicles can use the same unloading

facilities as tank cars, usually with the accompaniment of minor piping changes to
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provide a permanent place for connection of the unloading hose and a service road

capable of carrying the load. Pumps used to unload tank cars can also be used to

unload highway transports. Trucks equipped with their own unloading pumps are

available, but an extra cost is usually involved. However, local conditions may permit

a saving in labor which could offset this extra cost, and this factor should be

investigated.

(d) Barge unloading is more specialized and is subject to the regulations of

local harbor and/or waterway regulatory bodies. Generally, the oil is handled by

pumps on the barges. One or more mooring cells, provided with an access bridge

carrying the piping, may be used. Unloading masts of swivel design are desirable

to provide for lateral variations in the location of the barges and also to handle

water-level stages from pool to flood. Approved navigation lights are required. Also,

some form of shelter is often requested for barge personnel during the period of

unloading.

(e) Private pipeline delivery of diesel fuel, where a railroad or an oil com-

pany runs a line from one property to the other simply to supply fuel to the railroad,

may require only a connection to the storage tank inlet.

(f) Facilities for delivery of diesel fuel from common-carrier pipelines require

considerable planning. Assistance in this respect is readily available from the carrier.

5.6.5.2 Facilities for Dome Unloading

(a) Depending on the number of cars to be handled, there should be one or

more overhead connections, located alongside the unloading track at 40- to 80-ft

intervals, and at standard clearance. Overhead unloading connections usually consist

of a riser pipe from suction line, with a counterweighted double-swing joint at the

top, an extension arm that normally stands upright, but which can be pulled down

and across to dome of car, and a lightweight non-ferrous metal drop pipe, minimum

length 11 ft, swinging from end of extension, that can be lowered into the tank

car. The riser pipe, size 3 or 4 inches, should be the same height as tank cars; the

average is 15 ft and should be clamped to an I-beam or equal, imbedded at the

bottom in a concrete pedestal. There should be a gate valve in the riser and a bell

strainer at end of the drop pipe. The swing joints shall be ball bearing with sealed-in

lubrication and non-leaking ring seals.

5.6.5.3 Start-Stop Pump Control

(a) Recommended practice is to provide a push-button start-stop switch at a

central or convenient point to the loading area, with a green-red electric light indi-

cator to furnish additional visual evidence of its position. Automatic shut-off devices

are available.

5.6.6 Delivery to Locomotives

5.6.6.1 General

(a) Diesel locomotives are fueled as they enter or leave the diesel shops and

at certain main line stops. The fueling point outlets are installed in conjunction with

other servicing facilities, such as for water and sand. Their location with respect

to the other facilities depends on the type and number of diesel units regularly

serviced.

(b) It may also be necessary to provide special fueling facilities for diesel

switchers in remote yards by private or railroad tank trucks.



Manual Recommendations 375

5.6.6.2 Fueling Header

(a) A header of sufficient size is necessary to permit full delivery to all outlets.

(b) Length of Header. Header can be any length to meet locomotive consist to

)e fueled at one spotting. Pump horsepower is directly affected by size and length

)f header and number of units to be fueled at an established rate.

(c) Pressure in Header. Pressure is necessary to maintain fuel delivery at the

nost remote outlet. Pressures of between 50 psi and 75 psi are generally sufficient to

jrovide adequate flows. A pressure reducing valve can be installed at each outlet

:o provide nozzle manufacturer's recommended pressure to the fuel nozzle. A second

nethod would include pipeline pressure control at the filter discharge with header

nping sized so that friction losses are almost negligible.

5.6.6.3 Fuel Outlets

(a) Spacing. Fueling outlets should be spaced to handle the various classes of

ocomotives to permit one spot fueling. Outlet spacing varies from 15 ft to 60 ft.

iach outlet should allow between 1 and 2 ft overlap to eliminate moving of a loco-

notive consist after being spotted for fueling. Outlets properly spaced and possibly

counterbalanced will enable the laborer to make quick positive connections to the

ocomotive fuel tank.

(b) Valves. A quick-opening quarter-turn plug-type valve should be installed

between the header and pressure reducing valve for emergency shutoff in case of

lose rupture or nozzle and coupling coming loose or failing to close. The valve

hould also have internal pressure relief to operate at slightly higher than normal

leader pressure to relieve any locked pressure buildup between valve and closed

lozzle due to locked in line pressure and fuel expansion due to temperature rise.

(c) Hose. Final delivery of fuel oil to locomotives is made using 2- to 2/2-inch

!D hose, maximum working pressure between 100 and 125 psi. Hose should be no

onger than necessary with proper counterbalanced arrangement to keep hose and

lozzle off of the platform and give the employee a safe lightweight maneuverability

n properly making quick quarter-turn connection of nozzle to locomotive fuel tank

connection.

(d) Nozzles. Automatic shutoff nozzles should be used in all fueling operations

ncluding normal or low flow as well as high speed. Adequate protective devices

ihould be included in the design to prevent nozzle damage through rough handling.

5.6.6.4 Fuel Cranes

(a) Crane Masts. These are made up of a 4-mch riser pipe 10 to 12 ft high

with a swivel joint and short horizontal extension of 2- or 2/2-inch pipe at the top

ind a drop hose to make the final connection. Swivel joints provide operating flexibil-

ty, and the working range is adjusted by the amount of hose used.

(b) Vertical Swing Masts. Another design has the double swing joint and

vertical (pulldown) extension pipe at top of riser, similar to the overhead (dome)

inloading connection previously described in Art. 5.6.5.2., except that the hose takes

he place of the suction drop pipe. Although more expensive, this type mast provides

greater working range with less hose, occupies less space, and has other operating

idvantages over the crane type mast.

(c) Overhead Manifold. At locations where an overhead manifold supported

it 6 to 8 ft above ground is installed, hose outlets on the bottom and spaced as
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required will permit use of relatively short hoses in fueling locomotives. Dummy
fueling connections can be placed on manifold supports to hold nozzle out of the

dirt and to prevent it from damage when not in use.

5.6.6.5 Pump Control

(a) Recommended practice is to provide a push-button start-stop switch on

each fueling mast with some kind of a red light indicator to furnish additional

visual evidence of its position. An alternate to the start-stop switch is a mercury-tube

switch installed on the lever arm of the loading valve which will automatically stop

pump operation when the valve is closed.

(b) A timing or pressure operated control can be used to automatically stop

the pump.

5.6.6.6 Fuel Spillage

(a) Employees fueling locomotives should be adequately indoctrinated in their

jobs with complete understanding of automatic fueling and should be held responsi-

ble for any spillage occurring. There should be a means to detect spillage at the end

of each shift, and proper action taken immediately as to the cause. Proper super-

vision can eliminate most fuel oil spillage. If the above practice is stricdy adhered

to, the fuel platform will be a clean safe place to work. Personnel will take pride

in seeing that their performance meets the satisfaction of the management.

5.6.7 Use of Economy Grade Fuel Oils

5.6.7.1 General

(a) Several railroads have already adopted, and others are considering the use

of, less expensive, lower grade fuel oils in diesels, made possible by first treating it

with one or more so-called "additives," including cetane improver, dispersant, anti-

oxidant, metal deactivator and flow or pour point improvers. A number of roads

are using additives to treat regular grades of diesel fuel, primarily to control micro-

organisms which may cause fuel filter plugging, but also to increase high temperature

stabilization of the fuel to reduce formation of sludge and gums, which may cause

filter plugging, sparking and smoking on the diesel units. Normally, cetane improvers

are not necessary until the cetane number is substantially below 40. These additives

are fonnulated to the special characteristics of the oil purchased and are designed

to improve its performance by increasing the cetane number, stabilize against the

formation of sludge or wax in storage, and disperse any insoluble residue that may
have formed prior to treatment into such small particle size that they will not clog

filters or other restricted areas. At the same time these additives must provide pro-

tection against the extra corrosive and contaminating influences common to inferior

quality fuel oils. Flow improvers or pour point improvers will allow the fuel to be

pumped at low temperatures. However, these additives have no effect on the cloud

point and heating systems must be installed, both on the locomotives and wayside

filter facilities to maintain the temperature of the fuel above the cloud point to

eliminate filter plugging.

5.6.7.2 Special Facilities for Treatment and Storage

(a) Practices regarding the treatment, handling and storage of the low-grade

fuel oils are not yet fully developed. The original treatment method of placing the

proper amount of additive in each tank car as it is filled at the refinery has the
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advantage of allowing ample time for mixing and chemical reactions. An alternate

method is to inject the additive into the suction side of the unloading system by

means of a proportioning pump, which arrangement gives the railway better control

of the treating process.

(b) The handling and storage of low-grade diesel fuel oils may require special

heating facilities, especially in the northern states, where even the regular railway

diesel fuels require heating. A Committee 13 report on this subject may be found

in the Proceedings, Vol. 54, page 443.

5.6.8 Diesel Watering Facilities

5.6.8.1 General

The operation of diesel power requires the use of water in cooling systems

and steam generators. Water for the cooling systems must be scale-free and non-

corrosive to cylinder liners and other internal surfaces. Likewise, failure to remove

or sequester dissolved minerals in the steam generator feed water will lead to scale

and sludge deposits in the steam tubes which may result in clogged or over-heated

tubes. While it is true that the total amount of water used by diesels is comparatively

small, proper conditioning of this water is required for its use in boilers and cooling

systems.

5.6.8.2 Water Treatment

(a) In some cases, reasonably soft, clear (boiler feed) water is already avail-

able at the servicing points which can be made suitable for diesels by giving it

a finishing treatment with a corrosion inhibitor for cooling water and a suitable

treatment for steam generator feed water. At other locations, the available supply

may have appreciable hardness and/or other objectionable characteristics that must

first be corrected, in which case, the use of demineralizing or zeolite softening equip-

ment is recommended.

5.6.9 Diesel Cooling Water

5.6.9.1 General

(a) Diesel cooling system should be flushed, cleaned and refilled with suitably

treated water whenever the system is drained or when the water is dirty or oily.

(b) The amount of water required to fill a diesel locomotive cooling system

varies from 40 to 300 gal for switcher units, and from 215 to 650 gal for road units.

5.6.9.2 Servicing Facilities

(a) At Terminals. In addition to the treated water supply, the diesel shop

facilities should have a water heater, one or more water outlets, and enough rubber

hose to reach diesel cooling water inlets. The heater is needed to furnish 110 to

150 F water for flushing and refilling warm locomotives.

(b) Terminal facilities should be designed to deliver cooling water to diesels

at a 50 gpm rate, which can usually be achieved with 2-inch piping and lM-inch

hose.

(c) For Wayside and Switcher Servicing Points. These locations need only

a water connection and sufficient rubber hose to reach the cooling water inlets on

the diesels. Post hydrants are preferred. The system should provide a delivery rate

of 20 to 25 gpm to diesels which can usually be achieved with 132-inch piping and

1-inch hydrants.
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5.6.9.3 Cooling Water Reclamation

(a) Some cooling water treating chemicals are toxic and discharge into sewers

or streams is prohibited. Recycling of cooling water has proven economical among

several railroads. Cooling water is collected when radiators are drained, filtered to

remove oil and other impurities, then brought up to strength by addition of additives

and stored for reusage.

5.6.10 Steam Generator Water

5.6.10.1 General

(a) The capacities of steam generator water tanks on passenger diesel units

range from 800 to 2400 gal. About 35 gal of water per hour is required to heat one

passenger car with outside temperature at F. When steam is used to operate air

conditioning and other cooling equipment, the demand in summer may be almost

as great as in the winter. A passenger train of 15 cars may thus require 1500 to

1800 gal of steam generator water during a 3-hour run, and watering points must

be located accordingly.

5.6.10.2 Delivery to Locomotives

(a) Number and Location of Water Outlets. The final delivery of steam gen-

erator water to passenger diesels is made to the servicing points—via hose. The

ideal arrangement would be to have a water outlet located opposite the water inlet

of each diesel unit when the locomotive is spotted at the servicing area. This is

not always possible, as the spacing of the inlets of multi-unit locomotives ranges

from 45 to 78 ft, and a compromise has to be worked out by using longer hose or

installing additional outlets. The fixed outlets should be located 10 to 12 ft from

the center of track in order to provide working space. Reels can be used for

long hoses.

(b) Delivery Rates and Size of Water Lines. In view of the short time

allotted for watering through trains and for terminal servicing work, it is recom-

mended that these watering facilities by capable of delivering water at a rate of

250 gpm or more to each diesel unit being watered. With normal water pressures

and friction losses, a 4-inch supply pipe will usually furnish the desired flow rate.

(c) Types of Outlets. There are four kinds in general use: reels, water boxes,

post hydrants, and crane-type water columns. Although local conditions sometimes

require the use of the first three, the cran type has many operating advantages

and its use is recommended whenever possible.

(d) Water Boxes. Three-inch diesel water boxes can be installed flush with a

station platform. The hose when not in actual use is stored separate, or in the box.

(e) Post Hydrants. Post hydrants, if used, should be of adequate size.

(f) Diesel Water Columns. This equipment consists essentially of a 2%- or 3-

inch riser, 10 to 12 ft high, with self-draining valve in an underground pit, a swivel

arrangement at top of the riser, and a drop hose to make final connection to the

diesels. The working range is adjusted by the amount of hose used.

Another design has a counterbalanced double-swing joint and vertical (pull

down) extension pipe at the top of the riser which provides greater working range

with less hose, occupies less space, and has other operating advantages over the

regular crane column.

(g) Hose. Recommended for this service is 2}2-inch oil resistant rubber hose

with suitable couplings, and a special fitting on the oudet end with which to make
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connection to the inlet on the diesel. This hose can hang suspended from overhead,

with the bottom end secured to the riser pipe. In case longer hose is needed, exten-

sion pieces can be attached to the end of the hanging hose,

(h) Hose reel can be overhead or post-mounted.

5.6.11 Service Area Paving

(a) Most diesel steam generator water tanks are filled by attaching hose to

the inlet on the locomotive and letting the water run until it overflows. With one

man servicing two or more units it is almost impossible to avoid spillage, amounting

sometimes to hundreds of gallons. The dumping of this water will wash away the

ballast unless protective measures are applied.

(b) At locations where 10 or more locomotives are watered per day, recom-

mended practice is to provide a concrete platform over the entire servicing area,

with the tracks supported on stub ties. The paving must be sloped to provide quick

drainage into sumps or drains. Also, as spilled fuel oil will be collected along with

the water, the drainage system should discharge through an oil separator.

(c) A less expensive plan is to provide a concrete walking platform with a

gutter at the side of the track and sheet metal apron over the ends of the ties to

direct spillage into the gutter.

Manual Recommendations

Committee 3—Ties and Wood Preservation

Report on Assignment B

Revision of Manual

F. J. Fudge (chairman, subcommittee), C. P. Bird, L. C. Collister, K. C. Edscorn,

R. J. Shelton, J. T. Skerczak, G. H. Way.

Your committee has consolidated, with revisions, present Chapter 3—Ties, and

present Chapter 17—Wood Preservation, into the following single Chapter 3—Ties

and Wood Preservation, which is submitted for adoption and publication in the

Manual to replace present Chapters 3 and 17.



Chapter 3

TIES AND WOOD PRESERVATION

FOREWORD

Parts 1 through 5 formulate specific and detailed rules for the design, handling

and inspection of wood cross ties and wood switch ties, and give data pertaininj

to their service life and economics. Parts 6 through 9 formulate specific and detailei

rules for the preservative treatment of wood cross ties, switch ties and other fores

products, including specifications for preservatives. Part 10, now under preparation

will include specifications for concrete ties.

Part 1

Timber Cross Ties
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1.1 SPECIFICATIONS FOR TIMBER CROSS TIES

1.1.1 MATERIAL

1.1.1.1 Kinds of Wood*

Before manufacturing ties, producers shall ascertain which of the following

kinds of wood suitable for cross ties will be accepted:

Ashes
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1.1.5.5 Knots

A large knot is one whose average diameter exceeds one-fourth the width of the

surface on which it appears; but such a knot may be allowed if it occurs outside the

sections of the tie between 20 in and 40 in from its middle. Numerous knots are any
number equaling a large knot in damaging effect.

1.1.5.6 Shake

One which is not more than one-third the width of the tie will be allowed.

1.1.5.7 Split

One which is not more than 5 in long will be allowed. The purchaser shall

specify what anti-splitting devices are to be applied, if any.

1.1.5.7a Slanting Grain

Except in woods with interlocking grain a slant in grain in excess of 1 in 15 will

not be permitted.

1.1.5.8 Manufacture

(a) A tie will be considered straight: (1) when a straight line along the top

from the middle of one end to the middle of the other end is entirely within the

tie; and (2) when a straight line along a side from the middle of one end to the

middle of the other end is everywhere more than 2 in from the top and the bottom

of the tie.

(b) A tie is not well hewed or sawed when its surfaces are cut into with

scoremarks more than )i in deep or when its surfaces are not even.

(c) The top and bottom of a tie will be considered parallel if any difference in

the thicknesses at the sides or ends does not exceed % in.

1.1.5.9 Dimensions

(a) The lengths, thicknesses and widths specified are minima for the standard

sizes. Ties over 1 in longer, thicker or wider than the standard size ordered will be

rejected.

(b) All thicknesses and widths apply to the sections of the tie between 20 in

and 40 in from the middle of the tie. All determinations of widths will be made on

the top of the tie, which is the narrower of the horizontal surfaces, or the one with

narrower or no heartwood if both horizontal surfaces are of the same width.

1.1.6 DELIVERY

1.1.6.1 On Railway Premises

Ties delivered for inspection shall be stacked at suitable and convenient places.

Ties delivered on the premises of a railway for inspection shall be stacked not less

than 10 ft from the nearest rail of any track at suitable and convenient places; but

not at public crossings, nor where they will interfere with the view of trainmen or

of people approaching the railway. Standard-gage ties shall be stacked in alternate

layers of 2 and 7, the bottom layer to consist of 2 ties kept at least 6 in above the

ground. The next layer shall consist of 7 ties laid crosswise of the first layer. When
the ties are rectangular, the 2 outside ties of the layers of 7 and the layers of 2

shall be laid on their sides. The ties in layers of 2 shall be laid at the extreme ends
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of the ties in the layers of 7. No stack may be more than 12 layers high, and there

shall be 5 ft between stacks to facilitate inspection. Ties which have stood on their

ends on the ground will be rejected.

1.1.6.2 Risk, Rejection

All ties are at the owner's risk until accepted. All rejected ties shall be removed

within one month after inspection.

1.1.6.3 Grouping

Ties shall be stacked as grouped below. Only the kinds of woods named in a

group may be stacked together.

1.1.6.4 Class T—Ties Which Should Be Treated

Group Ta

Black locust

Honey locust

Red oaks

White oaks

Black walnut

Group Tc

Gums
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1.2 APPLICATION OF THE SPECIFICATION AS TO SIZE
ACCEPTANCE

Site Acceptable Acceptable Acceptable Acceptable Acceptable
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1.4.4 A space of 10 in between tops of ties allows sufficient room for tamping;

the maximum of bearing area on the ballast may be secured by the use of the wider

and longer ties laid with this spacing.

1.4.5 Where ties shorter than 9 ft are in use, the following is recommended in

the interest of promoting economy in track maintenance:

(a) The adoption of 9-ft ties and the discontinuance of the purchase of 8-ft

ties as rapidly as practicable and economical.

(b) The use of 9-ft ties for making renewals in lines of heavy traffic.

(c) The adoption of the 9-ft length whenever a change is made from the 8-ft

length.

1.5 SPECIFICATIONS FOR MACHINING CROSS TIES

1.5.1 GENERAL

When ties are adzed, bored, branded, grooved, incised or trimmed, the opera-

tions required by any or all machining ordered shall be carried out before air-

seasoning, or immediately prior to preserving, in accordance with the following

specifications:

1.5.2 ADZING
(a) Adzing shall be on the top of the tie across its full width to a depth not

greater than necessary for a full, smooth and true bearing under the tie plates,

except in the case of a bowed, checked or split tie, which must be used with the

top down and consequently adzed on the bottom.

(b) The adzed surfaces shall be in the same plane at both ends of the tie, and

shall be so flat that a straightedge laid across them shall not be more than -rV in

from the adzed surface at any point.

(c) The location and length of the adzing shall conform to plans provided, and

permitting a tolerance of ii in. in the location of the adzed area with respect to

the spike holes.

(d) Spurs on adze heads shall be set to the same depth as the knives, or to not

exceed tV in deeper.

(e) Adze knives and spurs shall be sharp and the whole equipment kept in

such condition that adzing will be properly done.

1.5.3 GROOVING

Grooving shall conform to plans provided, and the location of the grooves with

respect to the spike holes shall be within the tolerances permitted for spike holes.

1.5.4 BORING

(a) Boring for spike holes shall conform in size* and location to plans provided,

with plus or minus tV in permitted in each distance between holes. The spike holes

shall be centered across the width of the tie in such a way that the tie plates will

center on the tie when the spikes are driven into the prebored holes. A tolerance of

/8 in. in the centering of the holes across the width of the tie is permissible.

(b) Spike holes shall be bored entirely through the tie from top to bottom,

except in the case of ties for use in direct current electric lines having covered track.

* See Sec. 1.6, Size of Holes Bored for Spikes.
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(c) When the head diameter of the bits has been reduced & in by wear, bits

shall be replaced. Cutting heads of bits shall be sharpened at regular intervals to

insure clean boring.

1.5.5 INCISING

Incising shall be on four sides of the tie for a depth of % in with teeth not

more than ih in thick, to the pattern illustrated in Part 9, Specifications for

Treatment.

1.5.6 TRIMMING

(a) Trimmed ties shall be cleanly sawed at both ends to the specified length as

they pass through the boring and adzing machine.

(b) Machines shall be preferably equipped with devices for centering the ties

length wise and where machines are so equipped equalizers and guides shall be so

set that an equal amount is cut from each end of the tie. When machines are not

equipped with equalizers, guides shall be set to trim /a in from one (line) end of

tie and sufficient from the opposite end to result in the specified length.

1.5.7 BRANDING

(a) Branding of ends of ties as they pass through the machine shall be with

letters, figures, or symbols to indicate one or more of the following:

Wood,
Treatment,

Weight of rail for which bored,

Year,

Size,

Identity of plant,

Identity of railroad.

(b) The height of letters and figures shall be 1% in. Dies used for branding

shall have cutting edges Ys in wide which shall indent the wood at least % in deep.

1.6 SIZE OF HOLES BORED FOR SPIKES

1.6.1 Because it is very difficult to make chisel-pointed spikes follow /1-in and

%-in holes, these sizes are are too small for practical use.

1.6.2 In hardwood ties, using iVin by 6-in cut spikes, the ik-in holes give

greatest resistance to vertical pull; using %-in by 6-in cut spikes, %-in holes give

greatest resistance.

In softwood ties, the ife-in holes give greatest resistance to vertical pull with

both iVin by 6-in and %-in by 6-in cut spikes,

1.6.3 In hardwood ties, using iVin by 6-in cut spikes, the iVin holes give

greatest resistance to horizontal thrust; using %-in by 6-in cut spikes, the %-in holes

give greatest resistance.

In softwood ties, using iVin by 6-in cut spikes, the iVin holes give greatest

resistance to horizontal thrust; using /s-in by 6-in cut spikes, there is little difference

between the /2-in, &-in and /s-in holes.

1.6.4 Disturbance of the wood fibers is much less where spikes are driven in

holes & in. in diameter or larger. In general there is the least damage to the fiber

when the largest size holes are used.
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1.6.5 Spike holes should be bored entirely through the ties except in the case

of ties for use in direct-current electric lines having covered track. Under such con-

ditions, it has been found preferable not to bore through the ties in order to mini-

mize corrosion of the spikes from electrolysis.

It is recommended:

(a) That M-in holes be bored in hardwood ties for tk-in cut spikes.

(b) That iVin holes be bored in hardwood ties for /s-in cut spikes.

(c) That i^-in holes be bored in softwood ties for iVin cut spikes.

(d) That /a-in holes be bored in softwood ties for /s-in cut spikes.

1.7 SPECIFICATIONS FOR TIE PLUGS

1.7.1 GENERAL

Investigation leads to the opinion that the softer woods are preferable for use

as tie plugs, both treated and untreated, as they fill the spike hole better, absorb

moisture, swell and stay in the hole and are less liable to split the tie than hardwood.

Tie plugs should be driven to full depth and with the widened head parallel

with the tie so as to take up any enlarging of the hole back of the spikes.

Treated tie plugs should be used in all treated ties.

1.7.2 MATERIAL

The following kinds of wood are suitable for use in the manufacture of tie

plugs: ash, beech, birch, catalpa, cedar, cherry, chestnut, cypress, elm, fir, gum,

hackberry, hemlock, larch, locust, maple, mulberry, oak, pine, poplar, redwood,

sassafras, spruce, sycamore and walnut.

1.7.3 GENERAL QUALITY

Tie plugs shall be sound, seasoned, straight grained, and free from knots or

other defects.

1.7.4 DESIGN

The following general design is recommended:

T

I r

T
.s

i

c -*
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1.7.5 DIMENSIONS

Tie plugs shall be of two general sizes for %-in and iVin standard spikes.

Before manufacture producers will ascertain which of the two sizes are required.

The following dimensions are recommended.

B S H C W L (See diagrams)

For %-in spike Ik" %" 1" %" %" 4W to 5" or same length as spike used
For iVin spike %" &" 1" %" Ty 4%" to 5" or same length as spike used

1.7.6 MANUFACTURE

Tie plugs shall be made in multiple or singly.

1.7.7 DELIVERY

Multiple plugs shall be shipped in bundles of multiples of 100 securely tied

by wire. Single plugs shall be shipped in bags as desired by the purchaser.

1.8 SPECIFICATIONS FOR DATING NAILS

1.8.1 MATERIAL

The nails shall be made of iron or steel, galvanized with a coating of zinc

(prime western, or equal), evenly and uniformly applied, by hot dip process, so that

it will adhere firmly to the surface of the iron or steeL

1.8.2 CHEMICAL REQUIREMENTS

The following test shall be made to determine the integrity and adequacy of

the zinc coating, and any specimen shall be capable of withstanding this test:

(a) The sample shall be immersed in a standard solution of copper sulfate for

1 min and then immediately washed in water thoroughly and wiped dry. This

process shall be repeated. If after the fourth immersion there is a copper colored

deposit on the sample, or the zinc has been removed, the lot from which the sample

was taken shall be rejected.

(b) The standard solution of copper sulfate is prepared by dissolving 36 parts

of crystallized copper sulfate in 100 parts of water, then adding enough cupric oxide

to neutralize any free acid. The solution is filtered or allowed to settle and decanted,

then diluted with water until its specific gravity is 1.186 at 65 deg F. While nails

are being tested, the temperature shall be at no time less than 60 deg F nor more

than 70 deg F.

1.8.3 DESIGN

The shank of nail shall be )i in. in diameter, and 2% in long; the head of nail

shall be % in. in diameter, and -fa in thick, and shall bear 2 raised figures desig-

nating the year, the figures to be % in long and raised -fa in, and of the following

type:
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1.8.4 INSPECTION

(a) Specimens for testing shall be selected by inspector from the finished nails.

(b) As many specimens will be treated as are considered necessary for deter-

mining whether or not the requirements of the specifications have been met.

(c) All tests and inspection shall be made at the place of manufacture or sale

prior to shipment, and shall be so conducted as not to interfere unnecessarily with

the operation of the mill.

(d) Inspectors representing the railroad shall have free entry to works of the

manufacturer at all times during process of manufacture of nails for purchaser, and

shall have all reasonable facilities afforded them by the manufacturer to satisfy

them that the dating nails are in accordance with the specifications.

1.9 SPECIFICATIONS FOR DEVICES TO CONTROL THE
SPLITTING OF WOOD TIES

1.9.1 ANTI-SPLITTING DEVICES

Anti-splitting devices may be of (a) the type made from a strip of steel and

applied by driving into the end (cross section) of the tie, or (b) of the steel dowel

type, applied parallel to the wide face of the tie, transverse to its length.

1.9.2 MATERIALS

1.9.2.1 Irons

(a) If of the strip-steel type, it shall be manufactured in accordance with the

following specifications. The strips shall be hot-rolled open-hearth, bessemer or

shell steel, as may be stipulated in the order for the irons.

(b) Chemical Requirements: The steel shall conform to the following chemical

composition:

Open
Hearth Bessemer
Steel Steel Shell Steel

Carbon 0.25-0.35 0.15-0.25 0.45-0.55
Manganese 0.40-0.60 0.30-0.60 0.60-0.90

Phosphorus 0.050 Max 0.110 Max 0.035 Max
Sulfur 0.050 Max 0.060 Max 0.005 Max
Copper 0.2 Min 0.20 Min 0.20 Min

(c) Physical Requirements: The manufacturer may, at his option, substitute

tension tests for the chemical analysis specified above. When this option is

exercised:
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(1) Phosphorus and sulfur shall not exceed the limits of the chemical

requirements.

(2) One tension test shall be made for each lot of 10 tons or fraction thereof.

(3) The finished strip shall conform to the following minimum tensile prop-

erties:

Strength, psi 75,000
Yield point, psi 40,000
Elongation in 2 in, percent 20

(d) Design: Anti-splitting irons shall be of the shape and size stipulated by the

purchaser.

(e) Manufacture: Anti-splitting irons shall have smooth surfaces and be free

of distortion, scale, jagged ends, and blunt bevelled edge.

The dimensions of the steel strip in anti-splitting irons shall be not less than:

Thickness 0.083 in

Width % in

Length as required by the design

(f) Variations: Variations (over or under) from dimensions specified shall not

exceed:

Thickness 0.005 in

Width of strip 3*2 in

Width of bevel & in

Length % in

1.9.2.2 Dowels

If the steel dowel type is used, it shall be of the dimensions and thread design

specified by the purchaser, and shall be of C-1020 steel, ASTM Specifications, desig-

nation A 107, with a minimum of 0.2 of 1 percent copper.

1.9.3 INSPECTION

Inspectors representing the purchaser shall have free entry, at all times while

work on the contract of the purchaser is being performed, to all parts of the manu-
facturer's works which concern the manufacture of the material ordered. The
manufacturer shall afford the inspectors, without charge, all reasonable facilities to

satisfy them that the material is being supplied in accordance with these specifica-

tions. Unless otherwise agreed all inspection and tests shall be made at the place of

manufacture prior to shipment, and shall be so conducted as to not interfere

unnecessarily with the operation of the works.

1.9.4 DELIVERY

Accepted devices shall be shipped by the seller in accordance with instructions

in the order covering them, securely packed in containers marked with the name,

type, grade, and quantity of the material therein, and with the name of the seller

and the number of the buyer's contract or order.

1.10 APPLICATION OF ANTI-SPLITTING DEVICES

All hardwood ties (those from broadleaved trees) are subject to splitting

and when so designated by the purchaser shall have anti-splitting devices applied.

Either strip irons or dowels may be used for this purpose.
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Anti-splitting devices designed to control the splitting of ties should be applied

prior to or at the time the ties are delivered to the treating plant.

1.10.1 IRONS

Anti-splitting strip irons driven into the ends of ties should be so placed as

to cross at right angles the greatest possible manner of radial lines of the wood. Irons

should be placed far enough from the wide faces to prevent splitting.

1.10.2 DOWELS

Two dowels should be inserted in each end of ties in prebored holes Ya in less

in diameter than the diameter of the dowels and parallel to the wide faces.

Purchaser to specify the location of the dowels in relation to the end and the

two faces of the tie.

Dowels should be inserted by mechanical machines capable of holding the ties

in a clamped position under pressure while the holes are drilled and the dowels

inserted.

1.11 SPECIFICATIONS FOR TIE COATINGS, THEIR
APPLICATION AND TESTS

1.11.1 GENERAL

The coatings shall be formulated for application without heating and for maxi-

mum protection of cross ties and switch ties against weathering and splitting in

service. Suitable coatings shall be of a waterproof material capable of forming a

durable protective coating over the top of the tie. They shall have the ability to

retain, over a wide range of temperatures (—10 to 150 deg F), such plastic proper-

ties as will fill existing splits and provide a waterproof film over splits caused by

shrinking or swelling of the wood.

1.11.2 COATING MATERIAL

1.11.2.1 General

Coating shall consist of a solvent-type bituminous or other material capable,

upon application, of filling existing checks and splits and maintaining a suitable

continuous, pliable, waterproof coating on the tops and exposed ends of the tie with

the following general requirements:

1.11.2.2 Homogeneity

A freshly opened container, after it has stood for at least 48 hr at a temperature

of 50 deg F shall show little or no settling or hardening, and shall mix readily to a

smooth homogeneous state when hand-stirred for a short time.

1.11.2.3 Consistency

The material shall be of a consistency at a temperature of as low as 50 deg F
suitable for spraying, brushing or applying by other suitable means as recommended
by the manufacturer.

1.11.2.4 Adhesion at Low Temperatures

When applied at the rate per square foot prescribed by the manufacturer, the

material when tested in accordance with Sec. C, Art. 2, shall not crack, flake, nor

separate at a temperature of — 10 deg F.
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1.11.2.5 Stability at Elevated Temperatures

When applied at the rate per square foot prescribed by the manufacturer, the

material, when tested in accordance with Sec. C, Art. 1, shall, after conditioning to

140 deg F for 24 hr, show no evidence of running off the test specimen.

1.11.2.6 Setting Characteristics

When applied at the rate per square foot prescribed by the manufacturer, the

material shall have set to a firm, plastic film after conditioning for 24 hr at room

temperature. The material shall be considered set when it will not stain more than

lightly the surface of the fiber when applied with slight pressure.

1.11.2.7 Corrosion

The material shall not be corrosive to metal parts of the track structure and

shall meet the corrosion requirements as stated in Art. 1.11.4.3.

1.11.2.8 Resistance to Alkalies

The material shall show no signs of deterioration when in contact with mild

alkalies when tested in accordance with Art. 1.11.4.4.

1.11.2.9 Non-Volatile Content

The material shall have a non-volatile content of 60 percent minimum by weight

when tested in accordance with ASTM Method of Test, designation D 6-39 T.

1.11.2.10 Gap Filling and Check Coverage

At the time of application, the material shall have the ability to fill splits % to

% in wide and 1 in deep, and remain in place until the coating has set. Also, the

material shall have the ability to cover checks Ya in wide and form a continuous

waterproof cover over the Js-in check after the solvent has evaporated.

1.11.2.11 Water Resistance

A coating of the material when applied at the rate of application recommended

by the manufacturer, on Kraft paper, shall have a water-resistance rate of at least

10 hr when tested in accordance with the procedure outlined in Art. 1.11.4.5.

1.11.3 APPLICATION

1.11.3.1 General

The material shall be applied on the entire top and end (above ballast) surfaces

with a heavy application down the center of the tie. The surface to be treated shall

be dry and free of frost, dust, and other foreign material that will prevent the

coating from adhering to the tie. The coating shall be applied at a temperature of

not less than 50 deg F. The rate af application shall be in accordance with the

manufacturer's recommendation.

During application, care should be taken to prevent the material from smearing

the top of the rail. The tie plate shall be covered with the compound, and special

care shall be exercised to fill unused spike holes and to insure that the edges of the

tie plates are sealed. When relaying the rail, the entire tie should be covered before

installing the tie plates.

1.11.3.2 Coating the Tie

All splits and/or checks Y% in larger shall be filled prior to the overall coating.
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1.11.3.3 Top Dressing

Immediately after coating the tie, at the option of the railroad, a layer of mineral

aggregate shall be scattered over the coated surface. The mineral aggregate applied

as a top dressing shall be M- to /s-in chips, gravel, slag, or similar material, and shall

be free of dust.

1.11.4 TESTS FOR TIE COATINGS

1.11.4.1 Stability at Elevated Temperatures

A film of the material, applied at the rate of application recommended by the

manufacturer, shall be applied to two 3 by 6-in No. 22 gage steel panels. The two

panels shall then be placed in a position 20 deg to the horizontal under an infrared

lamp for 24 hr. The distance between the lamp and the panels shall be adjusted so

that the temperature is 140 deg ± 2 deg F.

1.11.4.2 Adhesion at Low Temperatures

After exposure to infrared radiation for 24 hr (Sec. C, Art. 1), the panel shall

be cooled at room temperature for 15 min and then put in a low temperature box
for 3 hr at a temperature of —10 deg ± 2 deg F. At the end of the 3 hr, the panel

shall be bent with a steady, slow motion, 180 deg around a 1-in mandrel, with the

metal next to the mandrel. The time required to bend the panel around the mandrel

shall be not more than 2 sec.

1.11.4.3 Corrosion

Clean, polished strips of steel of any convenient size may be used. The strips

shall be completely immersed in the compound at room temperature for a period of

48 hr. The strips shall then be removed, solvent-rinsed, and dried. The steel strips

shall show no trace of corrosion.

1.11.4.4 Resistance to Acids and Alkalies

Three metal panels of convenient size shall be covered with a coating at the

rate of application recommended by the manufacturer and allowed to dry for 24 hr

at room temperature. Immerse one strip in each prepared bath of 10 percent solutions

of hydrochloric acid, sulfuric acid and sodium hydroxide for 24 hr. At the end of 24

hr, remove and rinse thoroughly with water. The immersed panels shall show no

signs of attack discounting the edge faces and marginal edges.

1.11.4.5 Water Resistance

Water resistance shall be determined by the dry-indicator method specified in

the standard on the Technical Association of die Pulp and Paper Industry, Method
T-433-m-44, using the method in Par. 1, Procedure A.
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Part 2

Timber Switch Ties

2.1 SPECIFICATIONS FOR TIMBER SWITCH TIES

2.1.1 MATERIAL

2.1.1.1 Kinds of Wood

Before manufacturing ties, producers shall ascertain which of the following

kinds of wood suitable for switch ties will be accepted:

Ashes
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2.1.4 MANUFACTURE

Except as hereinafter provided, all ties shall be straight, well sawed, cut square

at the ends, have bottom and top parallel, and have bark entirely removed.

2.1.5 INSPECTION

2.1.5.1 Place

Ties will be inspected at suitable and convenient places satisfactory to the rail-

way, at points of shipment or at destination. Ties will be inspected at points other

than the railway's property whenever in the judgment of the railway there is suffi-

cient number to warrant it; but the shipper shall provide accommodations for the

inspector, at the expense of the railway, while away from rail lines and transport him

from and to a railway station.

2.1.5.2 Manner

Inspectors will make a reasonably close examination of the top, bottom, sides

and ends of each tie. Each tie will be judged independently, without regard for the

decisions on others in the same lot. Rafted or boomed ties too muddied for ready

examination will be rejected. Ties handled by hoists will be turned over as inspected,

at the expense of the producer.

2.1.5.3 Decay

The following decay will be allowed: in cedar and in cypress, "pipe or stump

rot" and "peck," respectively, up to the limitations as to holes; "blue stain" is not

decay and is permissible in any wood.

2.1.5.4 Holes

A large hole, other than one caused by "pipe or stump rot" in cedar, is one

more than % in. in diameter and 3 in deep within, or more than one-fourth the

width of the surface on which it appears and 3 in deep outside, the section of the

tie between 12 in from each end of the tie. A cedar tie with a pipe or stump rot

hole more than Vk in. in diameter and 15 in deep will be rejected. Numerous holes

are any number equaling a large hole in damaging effect. Such holes may be caused

in manufacture or otherwise.

2.1.5.5 Knots

A large knot is one whose average diameter exceeds one-fourth the width of

the surface on which it appears; but such a knot may be allowed if it occurs outside

the section between 12 in from each end of the tie. Numerous knots are any

number equaling a large knot in damaging effect.

2.1.5.6 Shake

One which is not more than one-third the width of the tie will be allowed.

2.1.5.7 Split

One which is not more than 5 in long will be allowed. The purchaser shall

specify the anti-splitting devices to be applied, if any.

2.1.5.7a Slanting Grain

Except in woods with interlocking grain a slant in grain in excess of 1 in 15 will

not be permitted.
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2.1.5.8 Manufacture

(a) A tie will be considered straight: (1) when a straight line along the top

from the middle of one end to the middle of the other end is entirely within the

tie; and (2) when a straight line along a side from the middle of one end to the

middle of the odier end is everywhere more than 2 in from the top and the bottom

of the tie.

(b) A tie is not well hewed or sawed when its surfaces are cut into with score-

marks more than J» in deep or when its surfaces are not even.

(c) The top and bottom of a tie will be considered parallel if any difference

in the thicknesses at the two sides or ends does not exceed 3» in.

2.1.5.9 Dimensions

(a) The lengths, thicknesses and widths specified are minima for the standard

sizes. Ties over 1 in longer, thicker or wider than the standard size ordered will be

rejected.

(b) All thicknesses and widths apply to the section of the tie between 12 in

from each end of the tie. All determinations of width will be made on the top of

the tie, which is the narrower of the horizontal surfaces, or the one with narrower

or no heartwood if both horizontal surfaces are of the same width.

2.1.6 DELIVERY

2.1.6.1 On Railway Premises

Ties delivered for inspection shall be stacked at suitable and convenient places.

Ties delivered on the premises of a railway for inspection shall be stacked not less

than 10 ft from the nearest rail of any track at suitable and convenient places; but

not at public crossings, nor where they will interfere with the view of trainmen or of

people approaching the railway. Ties shall be stacked at least 6 in above the ground.

No tie shall be unsupported for more than 10 ft of its length. Each layer of ties

and the ties in each layer shall be not less than 1 in apart. Any stacking strips used

shall not be over 4 in wide. If rectangular ties are used to separate the layers, such

strip tie shall be laid on their sides and the two outside ties as near as possible to the

extreme ends of the ties. No ties shall be permitted to overhang more than 2 ft. No
stack of ties shall be wider than 10 ft.

2.1.6.2 Risk, Rejection

All ties are at the owner's risk until accepted. All rejected ties shall be removed

within one month after inspection.

2.1.6.3 Grouping

Ties shall be stacked as grouped below. Only the kinds of wood named in a

group may be stacked together.
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2.1.6.4 Class T—Ties Which Should Be Treated

Group Ta

Black locust

Honey locust

Red oaks

White oaks

Black walnut

Group Tc

Gums

Group
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3.1 PURPOSE OF TESTS

Tie tests may be installed to demonstrate average years of service life under

various conditions—sizes, designs, materials, spacing, wood species, preservatives,

retentions, tonnage, anti-splitting devices, coatings, grade, curvature speed, rail size,

etc.

3.2 DESIGN

Test sections shall be so devised that all of the variables affecting life, except

the one to be determined, will, as far as possible, neutralize or cancel out.

3.2.1

Thus, if the effect of size is to be determined, the test should be designed as

follows:

3.2.1.1 Select a location where the various sizes to be tested are inserted

under one tangent track with constant grade, drainage, and ballast.

3.2.1.2 Use ties of the same species of wood, treated with one preservative to

the same retention.

3.2.1.3 Use identical fastenings, plates and anti-splitting devices.

3.2.2

If the effect of traffic is to be determined, a location should be chosen where

adjacent tangent tracks are similar in all respects except for tonnage.

3.3 MARKING TEST TIES

3.3.1

Test ties may be physically identified by one or more of the following: (a)

dating nails, (b) end brands, (c) copper or aluminum tags, (d) shallow bore holes

and (e) paint. Methods (a), (c) and (d) are usually located 10 inches toward

the tie center from the inside edge of the tie plate on the line side.

3.3.2

It is recommended that all ties be end branded to indicate the year of purchase

or treatment, wood species group, kind of treatment and weight of rail for which

the tie has been bored. Letters identifying location of the treating plant may also be

used.

3.3.3

One method of dating ties is called Clock Dating. This method is described

and illustrated in Fig. 1.
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UHE SIDE
END

NOTE: Dating holes, 3/8" to 1/2" deep, are drilled in

the tie plant 3-13/16" beyond the center of the tie

measured from the line end as indicated. Center hole
5/8" diameter. Hour and minute hand holes 7/8" di-

ameter.

In order to read the marks on the tie properly,
stand facing the line end or center of track on the half

of tie containing the dating holes as indicated.

The hole nearest the center hole represents the
hour hand and indicates the first figure in the year date

.

The hole farthest from the center hole represents
the minute hand and indicates the second figure in the
year date.

Fig. 1
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(.4 ECONOMIC COMPARISON OF SERVICE LIFE

Except in isolated cases, ultimate economy in labor and material results from

tie use of properly treated ties, as compared with untreated ties.

The economy of any tie of known price and life may be determined by the

allowing formulas

:

Given:

C = First cost of tie.

C1 = Amount of money at compound interest which will produce interest

equalling first cost of tie, during life of tie.

R = Rate of interest.

n= Life of tie in years.

Required—Total capitalization of tie:

.

C(l+R)°- C + C - (1+R) n -1
Given

:

C = First cost of tie.

R= Rate of interest.

7= Interest on first cost.

A = Amount of money at compound interest which will provide for renewal
at end of life of tie.

n = Life of tie in years.

Required—Total annual cost:

I = CR

A— CR

Total annual cost=
CR(1+R) n

l+A=
(1+H)»-1

Given:

R = Rate of interest.

C = Cost of tie of n years life.

C2= Cost of tie of n1
years life.

Tie costs are equivalent when the capitalization or annual costs are equal, or

—

r3_ C(l-f-R)" v/ (1 + R) nl -1
(l + R) n -l^ (l + R) nl

{.5 TRAFFIC UNIT FOR USE IN COMPARING TIE LIFE

For comparing cross tie service, the density of traffic units shall be the "Equiva-

ent gross ton-miles per mile of track," determined according to the formula given

jelow:

Let D =: Equivalent gross ton-miles per mile of maintained track

N= Net ton-miles, freight

T = Ton-miles, freight cars ( tare

)

L = Ton-miles, freight locomotives
P= Passenger car miles

M = Miles of maintained track

7V + r+2L+144P
M

Note.—The term 144 P embraces passenger locomotives.

Bui. 645
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3.6 BEST PRACTICE FOR TIE RENEWALS

The practice of cyclic single tie renewals is recommended for both cross ties

and for switch ties.

Part 4

Substitute Timber Ties

4.1 FUNDAMENTALS TO BE CONSIDERED IN DESIGNS
OF SUBSTITUTE TIES

4.1.1 GENERAL

4.1.1.1

The substitute must be designed so as to have sufficient strength to prevent

failure of the tie or its fastenings, and sufficient bearing surface on the ballast, and

with the rail to properly support the loads imposed, and provide against undue

deflection in the rail.

4.1.1.2

Track will not remain permanently to gage, surface and line under the loads

imposed upon it, and restorative or maintenance operations, more or less frequent,

will always be necessary. Therefore, the tie design should provide a maximum resist-

ance to any change in gage or line as may be caused by wheel loads and should

allow easy adjustment to correct for any change in track gage.

4.1.1.3

The annual cost per unit of length of track for renewals and track maintenance

should compare favorably with wood ties. Economy in renewals depends upon first

cost, ease of installation and durability. Economy in maintenance will depend upon

how closely the requirements heretofore specified are met.

4.1.2 FASTENINGS AND GAGE

4.1.2.1

The fastenings must be of sufficient strength to maintain gage and resist rail

creepage, being so designed that without taking the tie from the track and without

change to the holes, or fixed bolts or projections in the tie, a reasonable change of

width or thickness of the base of rail, or variation of gage, may be made. The

fastenings should be such as to offer as little obstruction to derailed wheels as

possible. They should permit shimming where necessary, the change of defective rail,

or the renewal of rails with ease, and should be replaceable if broken or defective,

without disturbing the tie.

4.1.2.2

The combination of rail bearing area and lateral fastening restraint must be

sufficient to withstand expected lateral loads without excessive gage widening due to

canting of rail.



Manual Recommendations 403

4.1.2.3

If the design provides one support under each rail, united by a transverse

member to hold gage, the transverse member must be of sufficient strength to main-

tain gage and plane, and of such design as to withstand a reasonable amount of the

damage incident to derailment.

4.1.3 LINE

The tie should be of such shape that it will not only resist the tendency of

track to get out of line, but also permit the track to be thrown back to line when
necessary. Projections of the base of the tie that project into the ballast make it

necessary to lift the track out of surface before relining, and are therefore objection-

able. Ties clamped in pairs which enclose a considerable amount of ballast between

their several parts, to such extent that the ballast must be removed before the track

is lined, add a material burden to the labor necessary to line track.

4.1.4 SURFACE

4.1.4.1

The tie should have sufficient length and breadth to provide a bearing surface

per rail length of track at least equal to that obtained with wood ties, for the same

class of track, without reducing the space between the ties to such an extent as to

make tamping difficult. It should have sufficient stiffness as a beam to develop the

full bearing area on the roadbed.

4.1.4.2

The base of the tie must be so shaped that the ballast can be readily and effec-

tively tamped under the tie and also not cut into or disturb the tamped bed.

4.1.5 INSULATION

Ties to be used in track circuit territory should be insulated if their native

impedance or resistance is insufficient to ensure proper operation of electrical devices.

The fastenings of such ties should be so designed that the insulation material will

not be subjected to abrasion or to great stress other than compression.

4.1.6 CAUSES OF FAILURE

4.1.6.1

Past experience indicates that some of the features that produce failure in

substitute ties are as follows:

(a) Lack of efficient protection against corrosion.

(b) Failure of rail fastenings.

(c) Failure of insulation.

(d) Loss of beam strength due to weakening tie in vicinity of rail or tie

center, resulting in flexure cracking.

(e) Use of sharp interior angles, square holes, or other stress risers from

which cracks develop.

(f) Lack of resistance to derailed wheels.

(g) Design of base of tie such as to render tamping difficult or impossible

and such as to make maintenance of proper surface of track im-

practicable.
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(h) Design of tie such that track will not hold line, or such as to make

lining of track impracticable,

(i) Lack of beam strength causing breakage on yielding roadbed,

(j) Lack of protection from abrasion by ballast.

(k) Lack of provision for expansion and contraction, where materials with

varying coefficients of expansion are used in combination.

(1) Lack of compressive strength or ability to resist crushing action of tie

plate or rail,

(m) Lack of lateral strength, causing loss of retentive power of spikes, bolts,

or other similar devices and insufficient resistance to their lateral thrust

Part 5

The Handling of Ties from the Tree
into the Track
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Long, satisfactory tie life stems from adherence to proven production practices

beginning in the woods.

5.1 SEASONAL MANUFACTURE

Investigations of die moisture content of standing trees prove that during winter

they contain as much sap as during other seasons. Consequently, felling timber

during spring or summer does not result in ties having more moisture than would

otherwise be the case. However, winter cutting is advantageous to the extent that

then the cut surfaces of logs and ties are exposed first during cold weather, when

fungi and insects are least active. By the time warm weather comes, winter-cut

forest products are usually out of the woods (where destructive agents are most

prevalent) and become partly seasoned, decreasing the tendency for fungi to develop

and reducing the liability to insect attack. It is also true that ties dry more slowly

during the winter and early spring than they do in the summer, thereby reducing the

tendency to excessively split and check. Because winter cutting is not everywhere

practicable, owing to climatic or other conditions, it is necessary in most sections

of the country that ties be manufactured throughout the year. Entirely satisfactory

ties can be produced during any season if proper precautions are observed.

5.2 LOG STORAGE

Soil generally contains many species of fungi and is usually moist enough to

dampen any wood in contact with it, thus providing the source of infection and

conditions conducive to its propagation. Consequently, tie-logs should be moved as

promptly as possible from woods to mill. Where prime seasons must be used for

log hauling, pre-cut logs should be carefully stacked above the ground.

5.3 SPECIFICATIONS

Ties manufactured and purchased in accordance with AREA specifications will

meet requirements as to quality and size which assure the greatest economy in wood

utilization and maximum service in track.

5.4 INSPECTION

5.4.1

If ties are to be inspected from solid stacks at mills or concentration yards

prior to shipment, the inspection should take place as promptly as possible after

being sawn to prevent stain and fungi build-up. If, for some reason, ties must be

held for more than four winter months or one summer month, they should be air

stacked in accordance with Art. 5.6.1.

5.4.2

To reduce the high cost of mill or concentration yard inspection due to unavoid-

able delays, ties may be inspected at unloading stations located at destination

treating plants. Equipped with a kicker for turning, a mirror for observing the ends

of ties opposite the inspection station, proper lighting and equipment for mechanical

handling and separating, one trained man can carefully inspect and tally 3,000 or

more ties in 8 hours.



406 Bulletin 645—American Railway Engineering Association

5.4.3

Accepted ties should be branded to show railroad ownership, tie grade (size)

and identity of the inspector responsible for their acceptance.

5.5 TRANSPORTATION TO THE TREATING PLANTS

5.5.1

It may be advantageous to make provisions for the assignment of a sufficient

number of cars to promptly handle the movement of green ties from concentration

and/or mill yards to treating plants for seasoning prior to treatment. Delays in

loading and hauling "dead" stacked ties will result in wood fiber infection.

5.5.2

The bulk-head chain tie-down flat car has been shown to be an efficient green

tie carrier. Loaded and unloaded with a lift truck, a well-designed car will carry

loads of ties weighing 100 tons (850 to 1000 ties).

5.6 SEASONING

5.6.1 Air Seasoning

Ties should be yarded in accordance with provisions set down under AREA
Plant Practice, Sec. 6.3.

5.6.1.1 Because the various species and sizes of ties dry at different rates, it is

necessary to stack like kinds together—thus, No. 4 and No. 5 oaks would be stacked

by themselves as would No. 3 beech, birch and maple. Hickory, pine and red gum
are often stacked as separate species due to peculiar seasoning characteristics.

5.6.1.2 Tie stacks should contain only those ties received during the same

month or 30 day period and be so labeled. This practice will bring ties out of air

seasoning prior to treatment at the approximately same moisture content, preventing

over- or under-drying.

5.6.1.3 Ties should be stacked for air seasoning in a manner which will allow

free circulation of air, minimum contact of surfaces, maximum rain run off and

maximum economy of space consistent with economical handling. It is recommended
that stacks be built not over 20 layers high and the ties arranged 1 by 7 to 9. (Figs.

1, 2, 3, and 4.)

5.6.1.4 Ground contact sills should be of sound treated wood or of inorganic

materials.

5.6.1.5 In areas where ties are subject to excessive splitting and checking during

air seasoning, semi-solid square stacks (7 to 9 by 7 to 9) with end ties turned on

their edges may be employed.

5.6.1.6 Other methods of reducing air seasoning defects which have been

successfully demonstrated are stacking ties under the roof of a pole shed (Fig. 5),

covering open stacks with portable pile covers, tie end-coating and incising.

5.6.2 Vapor Drying

Several roads have been successful in removing moisture from ties by vapor

drying in a cylinder just prior to pressure treatment. To be successful, the practice
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Fig. 1—Main-line oak ties (sizes 4 and 5) stacked 1x9 into a "lift."

Fig. 2—Lift truck moving a lift to the drying yard.
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Fig. 3—Ties stacked 20 layers high.
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Fig. 4—Stacks of ties being air-seasoned.

Fig. 5—Ties stacked for air-seasoning under a shed.



410 Bulletin 645—American Railway Engineering Association

requires that ties be placed in the cylinder in as green a condition as possible. Par-

tially seasoned ties vapor-dried with green ties may be severely checked, split and

honey-combed. Some species and size separation is also advisable.

5.7 CONTROL OF SPLITTING IN AIR SEASONING

Wooden ties, in particular the hardwood species, check and split under fast

or prolonged drying due to differential shrinkage.

5.7.1

Hardwood ties may be protected prior to seasoning by inserting irons or screw

dowels at or near both ends as outlined in Application of Anti-Splitting Devices,

Sec. 1.10.

5.7.2

Splitting and/or excessive checking can be retarded in air seasoning by shelter-

ing, arranging tie stacks so that tie ends do not face prevailing winds, turning the

heart faces of top ties down, incising and end coating.

5.7.3

Ties can be originally incised and then only those ties developing a definite

split at the close of the seasoning period, "selectively" doweled.

5.8 MACHINING

5.8.1

Ties should be bored prior to treatment for the purpose of insuring minimum
splitting of wood when driving spikes, maximum spike holding power and effective

penetration around the spike holes.

5.8.2

Incising is recommended prior to seasoning to hasten seasoning, retard splitting

and serious checking and permit deeper preservative penetration of recalcitrant

woods.

5.8.3

Poorly sawn ties should be adzed prior to seasoning or treatment for the purpose
of insuring even support for tie plates in the same plane.

5.9 PRESERVATION

5.9.1

When long service life is desired, ties should be subjected to preservative treat-

ment to insure against early failure from both fungi and insects.

5.9.2

To determine the most economical treatment requires careful and complete
study of the species of woods available, preservatives available, conditions of use

and results of previous tie tests.

5.9.3

The preservative treatment of ties should be in accordance with Part 6, this

chapter.
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5.10 CARE AFTER PRESERVATIVE TREATMENT

5.10.1

Ties treated in excess of those needed at the time on line should be stored at

the treating plant until required in order to provide better care and a more flexible

supply than is practicable when surplus ties are stored along the right-of-way.

5.10.2

It is recommended that treated ties be stored as steel-strapped or wired tram

bundles. Stacks of bundles should be started on treated sills and should be separated

with treated strips for efficient Lift truck or crane rehandling.

5.10.3

It is important that treated ties be handled carefully and in such a manner

that the protective sheath of preservative-treated fibers will not be broken, thereby

exposing untreated heartwood to infection and insect attack. An incision made by

a pick or fibers broken by the mis-blow of a maul may provide an opening through

which decay may enter.

5.11 DISTRIBUTION

Conditions effecting the distribution of ties in various localities differ so greatly

that it is impractical to single out any procedure as universally superior. Careful

study by all departments concerned is required to determine the best method of

moving ties from each point of storage.

5.11.1

As a rule, it is more economical to load ties to cars direcdy from treatment,

thereby saving one handling. Although direct loading is highly desirable, seasoning

schedules may often require the storage of treated ties and rehandling will be

necessary.

5.11.2

Tram bundles of treated ties are usually crane loaded, crosswise, into a gondola

car. Each tie is then hand discharged, end first, over the wall of the gondola, to a

point along the right-of-way opposite the tie to be replaced.

5.11.3

Several roads have successfully employed gated and/or shelved, bulkhead flat

cars for treated tie distribution. These cars hold a greater number of ties than the

average gondola. By opening gates at various levels, ties need not be elevated before

being unloaded by hand.

5.11.4

Ties will be shipped from treating plants for usage under three general

conditions:

5.11.4.1 A large number of ties for renewal in connection with mechanized

maintenance work over a several consecutive mile work location. These ties are best

handled in special tie cars designed for this purpose, facilitating rapid unloading

with minimum maintenance labor and greater safety. Ties should be unloaded at

the point of usage to avoid labor expense in stacking or rehandling. Time between
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unloading and insertion should be the minimum practical to avoid damage to ties

clue to exposure to elements.

5.11.4.2 A small number of ties to separate locations for use as on-line emer-

gency stock or spot renewals. Handling can be in special tie cars or in such odier

cars as die railroad has available.

5.11.4.3 A large number of ties shipped for use in construction work. The

loading and handling method should mesh with the construction situation. Banded

bundles can be used if ties are to be transferred from railway cars to trucks. Special

tie cars are practical for adjoining track construction.

5.11.5

Ties should be carefully handled in a manner which will prevent breaking or

bruising. Ties should not be discharged from cars onto rails or rocks. If a tie pick is

used, it should be inserted in the end, only.

5.11.6

Treated ties not needed for immediate use should be solidly stacked and may
be covered with cinders or earth for protection against weather.

5.12 CARE DURING AND AFTER INSTALLATION

5.12.1

Ties should be carefully handled from the right-of-way to die point of insertion,

guarding the vulnerable treated exterior.

5.12.2

Ties should be protected from excessive abrasion under die rail by the applica-

tion of tie plates of sufficient area and thickness to distribute die traffic loads ade-

quately. The least damage to ties as well as the smoothest track result from the use

of plates having bottoms which do not necessitate the impact of traffic to seat the

plate.

5.12.3

In order to economically enjoy the longest and most satisfactory service fife from
treated wooden ties, highest standards of surface and sub-surface maintenance must
be practiced.

5.12.4

Ties should be adzed only in cases of necessity, as when rail is relaid, plate

size changed or when the damage from a derailment involves the removal of splinters

and crushed wood fibers. Whenever deep adzing of the treated surface takes place,

steps should be taken to protect the adzed surfaces with hot creosote or a penetrating

preservative paste.

5.12.5

Treated tie plugs should be driven into used spike holes; but not into prebored
holes into which spikes have not yet been inserted.

5.12.6

Damage to ties from slewing as a result of rail creeping or running should be
prevented by adequate anchoring of the rail.
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5.12.7

Ties of the species and size best suited for each location should be selected.

Ties made from the denser hardwoods should be used in sharp curves, steep grades,

at ends of open-deck bridges and where tonnage is excessive!) heavy.

5.12.8

Treated ties should be placed in track with the wide surface nearest the pith,

down.

5.12.9

Ties should be laid square across the track; i.e., at right angles to the rail

5.12.10

Care should be taken to set and drive spikes at right angles to the tie surface,

straight down.

5.13 RENEWALS

Although differences in operational organizations and physical conditions on

the various railroads make it impractical to formulate a procedure that is applicable

everywhere, no phase of track maintenance is more important than the selection of

the ties to be renewed in a given year. Improper tie renewals over a period of years

are sure to be costly, and may prove to be disastrous, whether the replacements are

too few or too many.

5.13.1

The total number of ties required to maintain satisfactory track in one year is

rarely the same as the number renewed during the previous year or the average

renewals over any period. Therefore, careful inspection of the ties in track will pro-

vide more dependable information than any assumptions based on statistics.

5.13.2

Whatever method is used in the inspection and selection of the ties to be re-

newed, the procedure should be so planned as to provide a record of the system

requirements as distinguished from those of a section or division. Training and

experience for those making inspections of ties in track are necessary to assure

uniformity in their procedure and consistency in their conclusions.

5.13.3

Each tie to be removed is generally identified by a mark on the tie or on the

rail above it. Absolute adherence to this marking is required in sonic instances.

More often the foreman is allowed to leave some marked ties and to remove some

unmarked ties. Ordinarily, only ties which are useless where they are should be

removed; but when track is given a general out-of-face overhauling, all ties which

appear to be nearing the end of their service life may be removed.

5.13.4

Records of inspections of ties in track, detailed as to location by telegraph poles

or other short stretches having easily recognized landmarks, aid in the unloading of

ties where needed and thus avoid expensive extra handling.
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5.14 SALVAGE

Ties still serviceable enough for economical reuse become available when lines

are abandoned and tracks are taken up; when the renewal of all ties in tunnels, in

road crossings, or at station platforms releases them; and when ties under heavy

traffic have to be removed because their service in such track is no longer satisfactory.

5.14.1

While the reclamation or salvage of ties is sound in principle and highly desir-

able, it can easily be overdone. To guard against any tendency toward false economy

resulting from loyalty to reclamation as such, all costs must be considered. Complete

records of all expenses connected with picking up, stacking, preparing, and shipping

ties for reuse should be kept for comparison with the prices of other materials for

a given purpose, together with the respective costs of installation. Expenditures for

handling and hauling may confine their reuse to locations close to where they are

removed from track.

5.14.2

The most economical use of ties is to leave them in their original locations

until they are so decayed or mechanically worn that they cannot serve their purposes

any longer. However, in connection with general track reconditioning, it is usually

economical to replace ties near the end of their serviceability, in order that the track

need not be disturbed again for several years. This procedure is desirable in heavy-

traffic, high-speed lines where spot tie renewals are expensive and the disturbance

of refined track surface is especially inadvisable.

5.14.3

Ties removed from track should be carefully inspected and sorted into those

fit for reuse in tracks, those suitable for other uses and "culls."

5.14.4

Generally, secondhand usable ties have had their original quality lowered, and
in consequence their reuse should be confined to tracks of lesser importance, such

as those in light-traffic branch lines, sidings and yards. These ties should be re-

inserted in track quickly to avoid accelerated deterioration.

5.14.5

Ties reusable in track should be re-inserted with the same surface up as in

original location. Only when light adzing of that surface will not provide satisfactory

seats for the tie plates should ties be turned over.

5.14.6

All spike holes in reused ties should be filled with tight-fitting treated plugs.

5.14.7

Tie plugs can be inserted and the creosote applied to the plate-bearing areas

advantageously as the removal of the rail progresses during the recovery of service-

able ties.

5.14.8

All adzed or cut surfaces should be coated liberally with hot creosote or a

penetrating preservative paste.
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5.14.9

The following are visual characteristics a tie should possess to be considered
salvageable

:

(a) Rail seats sound, no evidence of decay.

(b) Limited mechanical wear under the tie plates.

(c) Spike holes sound.

(d) No splits from end of tie to a point beyond the outside edge of tie

plate.

(e) No center-bound break.

(f) No evidence of internal decay.

(g) Tie should have evidence of treatment.

(h) Tie could have surface checks, but no checks half way or more through

the tie.

5.14.10

Salvaged ties must be reinstalled or re-treated as soon as possible after being

removed from ballast. If a used tie is allowed to dry out it tends to be subject to

excessive checking and/or splitting.

5.14.11

Ties unfit for reuse in standard gage track have possible uses as follows:

(a) Fence posts—Some ties removed from track will make satisfactory fence

posts.

(b) Narrow gage ties—Cutting oft the useless ends of ties will shorten them

for reuse in tracks of material, repair, or seasoning yards.

(c) Current retards—Set on end and properly spaced, ties useless in track

will divert water and thus control erosion for a period justifying their

use for that purpose.

(d) Crib walls—Rectangular ties are more suitable than slab ties for such

construction.

(e) Mud sills—Unusable ties serve satisfactorily to support stacks of ties or

other material off the ground.

(f) Paving—Where more elaborate paving is not justified on motor car set-

offs or in stock yards, unusable ties may provide a durable, serviceable

pavement.

(g) Scrap bins—At section houses and elsewhere, ties no longer useful in

track can be cribbed to provide receptacles for material to be reclaimed

or discarded.

(h) Sale—Local demands for old ties to be used for landscaping, charcoal,

fuel, wood chips, blocking and other uses may provide markets which

will absorb ties no longer desired by the railroad company.
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6.1 FUNDAMENTALS
Preservative treatment of wood to retard or prevent the effectiveness of wood-

destroying agencies such as fungi, bacteria, insects, marine borers, and fire has suc-

ceeded in making wood an economical material for use in many fields. The magni-

tude of annual savings produced by preservative treatment is proportional to the

degree of careful attention assigned to the quality of preservatives, the detail of

the treating procedures, the proper handling of the treated material and the compe-

tent inspection of all of these essentials.

The heartwood of most naturally durable woods resists penetration by preserva-

tive, yet its life is generally extended by treatment, even though the depth of

penetration is slight.

Preservative treatment will not restore any loss of strength resulting from

defects of any kind; consequently, only wood free of defects which will render it

unfit for use can be treated to advantage.

Wood needs to be conditioned for preservative treatment by a procedure which

will render it receptive to penetration by preservative without reducing its strength.

When circumstances permit, material should be air-seasoned. When there is not

sufficient time for proper air-seasoning, or in cases of large material, which in some

localities during all seasons of the year will not air-season successfully without

deterioration, artificial conditioning should be used.

The conditioning of wood in steam is particularly adapted to kinds which do

not check materially, split, or warp when subjected to high temperatures. Steaming

is applied most generally to species such as southern pine, but is also used for the

preconditioning of such species as Pacific Coast Douglas fir, intermountain Douglas

fir, western larch and western hemlock, when a water-borne salt preservative is to

be used, or when the end use requires a particularly dry surface even though the

preservative is of an organic nature.

Heating wood in preservative at atmospheric pressure is undertaken to assure

sterilization of the wood and the penetration of some preservative under pressure

when the removal of appreciable quantities of water is deemed unnecessary.

Heating in oil under a vacuum conditions Douglas fir and most hardwoods
which do not check materially, split or warp when subjected to high temperatures,

provided the treating equipment includes adequate condensors and measuring tanks

to assure sufficient moisture removal.
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The conditioning of wood by vapor-drying is particularly adapted to hardwoods
of 3 in and over in thickness. This process eliminates the moisture content of the
wood under control conditions so that the wood can be subsequently treated to
specification requirements.

Bark on wood to be treated prevents the penetration of preservative. Strips

of inner bark, not more than % in wide and 8 in long, may be permitted when sepa-
rated by 1 in of clear surface between any 2 strips.

To avoid exposure of untreated wood by cutting into preserved parts, the com-
plete manufacture in its final form before treatment is advisable. Preboring to

accommodate fastening devices insures the introduction of preservative to the wood
surrounding the holes.

Careless handling of treated wood is apt to expose areas not reached by the

preservative; consequently, the use of pointed tools other than end hooks is

objectionable.

Hot creosote will protect surfaces exposed by necessary adzing, boring or cutting

of treated wood, if the holes are filled with the oil ( preferably by means of portable

pressure equipment) and the surfaces and cuts painted twice, followed by a coating

of pitch sealing compound, flashing cement or other sealers. In the case of salt-

treated wood, a concentrated solution of toxic salt preservative may be used in place

of creosote before application of the sealer. Tight-fitting treated plugs should be
driven into unused holes that were bored after treatment.

Pile cut-offs should be further protected. A suggested method is the application

of two thicknesses of tar-saturated fabric over the cut-off and over-lapping the sides

of the pile at least 2 in. The overlap should be folded down along the sides and

glued in place with the sealing compound. The fabric should then be coated with

a coating of the sealer. A satisfactory plastic compound for the protection of piles

at cut-offs may be made with 10 to 20 percent of creosote and 80 to 90 percent

pitch.

Treated piles should not be dapped in the field for sway bracing. Piles of uni-

form size should be selected for each bent and, where necessary, pressure treated

filler blocks used to fill in between piles or caps and sway bracing.

Adzing, boring and incising in accordance with Specifications for Machining

Cross Ties, Sec. 1.5, Part 1, this chapter, will not only provide a smooth and true

bearing for the tie plates and greater resistance to spike pulling, but will also assure

the presence of preservative where it is most needed in the tie. Incising also assures

most uniform penetration of preservative in lumber, timbers and other materials and

is especially effective in obtaining desired penetration in the resistant heartwood of

lumber when performed immediately prior to treatment.

6.2 PRESERVATIVES

Coal-tar creosote is the wood preservative generally used for all purposes where

an odorless and paintable product is not required. It has a high degree of perma-

nence and is highly toxic to fungi, insects and marine borers.

Creosote is often mixed with coal tar or petroleum to decrease the cost, increase

the water-repelling properties and retard evaporation of the preservative. The addi-

tion of coal tar or petroleum generally results in the treated wood having somewhat

oily surfaces; therefore, these admixtures are not suitable for poles. Creosote-

petroleum solutions must not be used in marine-borer-infested waters.



418 Bulletin 645—American Railway Engineering Association

Water-borne preservatives are generally used where an odorless, paintable

product is desired. They are highly toxic but less permanent than creosote under

service conditions where the wood is in contact with water or subject to excessive

wetting.

Wood treated widi water-borne preservatives should be kiln-dried, air-dried or

vapor-dried after treatment and before installation, to prevent shrinkage.

Pentachlorophenol solutions in oil of suitable characteristics are suitable for

specific applications. This preservative is not recommended for protection against

marine borer attack.

6.3 PLANT PRACTICE

Seasoning yards should be located where there is maximum exposure to the sun

and to freely circulating air. Avoid low, humid situations. Arrange for effective

drainage and keep the yard free of vegetation and debris, especially decaying wood.

Support all stacks of seasoning material on treated or other non-decaying sills,

with at least 12 in of unenclosed air space beneath the lowest layer of material,

but more space in warm humid localities.

Promote air circulation by providing, between the stacks of material in con-

tinuous lines across the seasoning yard, alleys not less than 3 ft wide in working

spaces and 1 ft wide elsewhere, giving consideration to the direction of the prevailing

wind.

Open stacking furthers the drying of wood, but satisfactory spacing of the

pieces depends on their size and the mean relative humidity and temperature of

the locality. In most sections satisfactory seasoning is accomplished by stacking cross

ties in layers of 8 to 10 with one tie as a stringer at every other end. Timbers 5 in

or more thick should be stacked with at least 2 in of air space between layers.

Lumber less than 5 in thick and round material with at least 1 in between layers.

Within each layer all pieces should be at least 2 in apart.

Stickers of preserved wood or areas of contact brushed with preservatives will

reduce the likelihood of the decay called "stackburn."

The length of time required to adequately air-dry wood in preparation for its

preservative treatment varies with the kind, dimensions, and moisture content when
stacked and climatic and site conditions; consequently, a specific seasoning period

must be determined for each particular locality and care taken to assure the treat-

ment of all material before it starts to deteriorate.

If anti-splitting devices are used, they should be applied on arrival of material

at the treating plant or as soon as possible after stacking in the seasoning yard to

the ends of ties and timbers of species which have a tendency to split during

seasoning.

The railway company's representative or inspector shall have access to all parts

and facilities of plants used in the conditioning and treating of its forest products and
shall be present during the treating procedure to make sure that the process is being

carried on as specified.

Plant equipment shall be checked frequently to determine its reliability. Any
variation from accuracy which exceeds the following limits for the equipment listed

shall cause the treating records to be corrected accordingly until the equipment
is in acceptable, proper working order. Cylinders, tanks, or other equipment having
temperature, pressure or vacuum recording instruments shall be equipped with

indicating thermometers or gages to check the accuracy of the recording instruments.
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6.3.1 Thermometers

Compare with a thermometer certified by a manufacturer or testing laboratory

and allow a variation not exceeding 2 deg of temperature.

6.3.2 Pressure Gages

Compare with a standard test gage or with other suitable gage-testing device

and allow a variation not exceeding 2 percent of pressure.

6.3.3 Vacuum Gages

Compare with a mercury column and allow a variation not exceeding 1 in of

vacuum.

6.3.4 Working Tank Gages

Compare the calculated tank volume with the readings on the indicator board

or dial at three levels and allow a variation not exceeding 2 percent.

6.3.5 Working Tank Scales

Load widi certified test weights when the tank is approximately empty, half

full and full, and allow a variation not exceeding 1 percent. Where scales have been

checked by recognized agencies, certificates of accuracy shall be accepted.

6.3.6 Track Scales

Test by certified weights or weight car and allow a variation not exceeding 1

percent. Where scales have been checked by recognized agencies, certificates of their

accuracy should be accepted.

6.4 RECORDS OF TREATMENT AND REPORTS OF INSPECTION

The recording and reporting of the detailed procedure in the treatment of wood

is desirable. Knowledge of what was done proves useful when seeking possible

reasons for unsatisfactory results, provides information useful in developing treating

methods and supplies a check on whether or not the plant operator is adhering

to the process specification.

Forms should be provided to record the following details of treatment:

Name of Railroad

Name of Wood-Preserving Plant Location of Wood-Preserving Plant

Name of Inspector

Charge No.

Date

Weather

Temperature

Snow

Rain

Type of material in charge

Number of pieces by sizes

Species

Degree of seasoning

Machining*

Incised, unincised, rough, surfaced, worked, etc.
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Cubic feet

Preservative, description and analysis

Process

Steam conditioning

Time required to reach maximum temperature

Time steamed at maximum temperature

Maximum temperature

Initial vacuum period

Maximum vacuum

Heating in oil

Heating period

Maximum vacuum
Maximum temperature

Total condensation

Total absorption of preservative

Treatment

Initial air pressure

Initial air period

Pressure period

Maximum pressure

Maximum temperature

Average temperature

Maximum final vacuum
Final vacuum period

Working tank readings

Working tank temperatures

Injection under pressure

Net retention in pounds per cubic foot

Total time of treatment

Number of borings

Percent conforming

6.5 REQUISITIONING PRESERVATIVELY-TREATED WOOD1

Requisition for wood treated with a preservative oil or salt should stipulate the

following:

6.5.1 Item

The item or items which are to be supplied and the dimensions required.

6.5.2 Wood
The kind or kinds of wood which will be accepted.

6.5.3 Quality

An AREA or other specification or grading rule for the item ordered which
assures the fitness of each piece for its intended use.

6.5.4 Machining

The adzing, boring, chamfering, framing, gaining, surfacing, trimming or other

fabrication which may be required.
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6.5.5 Preservative

An impregnant which meets the requirements of one of the AREA specifications
for preservatives in accordance with use requirements: i.e., creosote, creosote-coal
tar solutions, creosote-petroleum solutions, pentachlorophenol, chromated zinc chlo-
ride, acid copper chromate, ammoniacal copper arsenite, chromated copper arsenate,
fluor-chrome-arsenic-phenol, Copperized chromated zinc arsenate and solubilized

Copper-8-quinolinolate.

6.5.6 Treatment

A treating procedure which conforms to the AREA specifications for treating

processes.

6.5.7 Retention of Preservative

In accordance with applicable AREA specifications.

Part 7

Specifications for Preservatives
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7.14 Ammoniacal Copper Arsenate (ACA) 430

7.15 Chromated Copper Arsenate Type A (CCA Type A) 430

7.16 Chromated Copper Arsenate Type B (CCA Type B) 431

7.17 Chromated Copper Arsenate Type C (CCA Type C) 432
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7.19 Fluor Chrome Arsenate Phenol (FCAP) 433

7.20 pH of Treating Solution 434

7.1 CREOSOTE
7.1.1 The creosote shall be a distillate derived entirely from tar produced by

the carbonization of bituminous coal.

7.1.2 The new creosote and the creosote in use in treating operations shall

conform to the following detailed requirements:

New Creosote Creosote in Use

Not Not Not Not

Less More Less More

Than Than Than Than

Water, percent by Volume 1.5 3.0

Matter Insoluble in Benzene, percent by Weight 0.5 1.5

Specific Gravity at 38°C compared widi water at

15.5°C

Whole Creosote 1.050 . .

.

1.050 . .

.

Fraction 235-315°C 1.027 . .

.

1.027 . .

.

Fraction 315-355°C 1.095 . .

.

1.095 . .

.

Distillation: The distillate, percent by weight on a

water-free basis, shall be within the following

limits:

Up to 210°C 2.0 2.0

Up to 235°C 12.0 12.0

Up to 270°C 20.0 40.0 20.0 40.0

Up to 315°C 45.0 65.0 45.0 65.0

Up to 355°C 65.0 82.0 65.0 82.0

7.1.3 Tests to establish conformance with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association. (See Standard Al).
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7.2 CREOSOTE-COAL TAR SOLUTIONS

7.2.1 The material shall be a pure coal tar product, derived entirely from tar

produced by the carbonization of bituminous coal. It may be either a coal tar distil-

late or a solution of coal tar in coal tar distillate.

7.2.2 The material shall conform to the following detailed requirements:

Composition: Coal tar distillate

percent by volume

Water: percent by volume

Material Insoluble in Benzol:
percent by weight

Coke Residue: percent by
weight

Specific Gravity at 38°C Com-
pared with water at 15.5°C

Whole material
Fraction 235/315°C
Fraction 315/355°C

Distillation: the distillate per-
cent by weight on a water free
basis shall be within the fol-

lowing limits:

Up to 210°C
Up to235°C
Up to315°C

B Up to 355°C

Grade A

80

1.06
1.025
1.08.5

Not
More
Than

2.0

Grade B

Not
Less
Than

70

1.07
1.025
1.085

Not
More
Than

3.0

25

(Irade C

Not
Less
Than

1.08
1.025
1.085

Not
More
Than

3.5

Not
Less
Than

50

1.09
1.025
1.085

Not
More
T -a i,

4.0

11.0

1.14

7.2.3 Tests to establish conformity with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association, (see Standard Al)

7.2.4 Due to treating operations, samples of used creosote—coal-tar solutions

may show increases in matter insoluble in benzol, and in coke residue. If it can be

shown that the original solution was of the specified quality, and the used solution

conforms to the standard requirements with the following exceptions:

Grade Grade

A B

Benzol insoluble matter, max, percent 3.0 4.0

Coke residue, max, percent 6.0 8.0

it shall be considered as conforming.

Grade
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7.3 CREOSOTE-COAL TAR SOLUTION TO BE USED IN THE
TREATMENT OF MARINE (COASTAL WATERS) PILES AND
TIMBERS

7.3.1 The material shall be a pure coal-tar product derived entirely from tar

produced by the carbonization of bituminous coal.

7.3.2 Composition: The material shall be a solution of coal tar in coal-tar

creosote.

7.3.3 It shall conform to the following detailed requirements:

Not Less Not More
Than Than

Water—percent by volume 3.0

Material Insoluble in Benzol,1 percent 1.0 3.0

Coke Residue,
1 percent 4.0 7.0

Specific Gravity at 38°C, compared to water at 15.5°C 1.090

Distillation:
1 The distillate percent, on a water-free basis, shall be

within the following limits:

Up to 210°C 5,0

Up to 235°C 15.0

Up to 270°C 20.0 35.0

Up to 315°C 35.0 50.0

Up to 355°C 55.0 70.0

Specific Gravity of Fractions at 38° C. compared to water at

15.5°C:

Fraction 235°C-315°C 1.030

Fraction 315°C-355°C 1.105

Specific Gravity of Distillation Residue above 355°C at 38 °C
compared to water at 15.5°C 1.185

7.3.4 Tests to establish conformance with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association. (See Standard Al).

1 Due to treating operations, samples of used solution may show an increase in material

insoluble in benzol and in coke residue, and decreases in percentages of distillate up to 235° C.

A used solution shall be considered as conforming if it can be shown that the original solution

was of specified quality and the used solution conforms to the standard requirements within the

following limits:

Benzol Insoluble, maximum percent 4.0

Coke Residue, maximum percent 8.0

Distillate up to 235° C, minimum percent 2.0



Manual Recommendations 425

7.4 COAL TAR CREOSOTE TO BE USED IN THE TREATMENT
OF MARINE (COASTAL WATERS) PILES AND TIMBERS

7.4.1 The creosote shall be a distillate derived entirely from tar produced by
the carbonization of bituminous coaL

7.4.2 The new creosote and the creosote in use in treating operations shall

conform to the following detailed requirements:

New Creosote Creosote in Use

Not Not Not Not
Less More Less More
Than Than Than Than

Water, percent by Volume 1.5 3.0

Matter Insoluble in Benzene, percent by Weight 0.5 1.5

Specific Gravity at 38° C compared with water at

15.5°C

Whole Creosote 1.080 . . . 1.080 . .

.

Fraction 235-315°C 1.030 . .

.

1.030 . . .

Fraction 315-355°C 1.105 . . . 1.105 . .

.

Residue above 355°C 1.160 . . . 1.160 . . .

Distillation: The distillate, percent by weight on a
water-free basis, shall be within the following
limits:

Up to 210°C 2.0 2.0

Up to 235°C 12.0 12.0

Up to 270°C 20.0 40.0 20.0 40.0

Up to 315°C 45.0 65.0 45.0 65.0

Up to 355°C 65.0 75.0 65.0 75.0

7.4.3 Tests to establish conformance with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association (see Standard Al).

7.5 CREOSOTE-PETROLEUM SOLUTION

7.5.1 Creosote-petroleum solution shall consist solely of a mixture of specified

proportions of coal tar creosote which meets AREA specifications for creosote and

of petroleum which meets AREA specifications for petroleum for blending with

creosote. No creosote-petroleum solution shall contain less than 50 percent by volume

of such creosote or more than 50 percent by volume of such petroleum."

° Owing to the lack of suitable methods of analysis, it is not possible to determine the

relative amounts of either component once these materials have been blended. The purchaser
may, therefore, wish to consider obtaining the materials separately and having them blended
under his supervision.

7.6 PETROLEUM FOR BLENDING WITH CREOSOTE

7.6.1 Petroleum oil for blending with creosote shall conform to the following

requirements

:

7.6.1.1 Specific gravity*—Specific gravity at 60° F./60
c

F. not less than 0.96f

(not greater than 15.9°, A.P.I.) ASTM Standard D 287.

7.6.1.2 Water and Sediment—Water and sediment (B.S. & W.) not more than

1 percent. ASTM Standard D 96.
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7.6.1.3 Flash Point—Flash point not less than 175 deg F, as determined by

the Pensky-Martens closed tester. ASTM Standard D 93.

7.6.1.4 Viscosity—The viscosity shall be expressed as Kinematic vis. cSt at

210° F. by ASTM D 445. It shall not be less than 4.2; nor more than 10.2. Oils

or higher viscosity may be used, provided the penetration requirements are met.

The purchaser may specify the viscosity best suited to his requirements, allowing

the supplier a tolerance of plus or minus 10 percent of the value specified (Equiva-

lent vis. SUS at 210° F. shall be 40 sec min. to 60 sec max. by ASTM D 88).

7.6.2 Each of the foregoing determinations shall be made in accordance with

the ASTM method currently in effect. The ASTM Standards referred to herein may
be obtained from the American Society for Testing Materials, 1916 Race Street,

Philadelphia, Pa.

* To convert the specific gravity of Group petroleum oils at 60° F./60° F. to specific
gravity at 38° C./15.5° C. subtract 0.0140. For Group 1 oils subtract 0.0162. Group oils are
those whose specific gravities at 60° F./60' F. are not less than 0.9665. Group 1 oils are those
whose specific gravities at 60° F./60" F. are not less than 0.8504 and not over 0.9664.

t Petroleum oil of lower specific gravity may be used provided experience or test shows
that it may be blended with creosote without the formation of excessive sludge.

7.7 PENTACHLOROPHENOL
7.7.1 Pentachlorophenol shall contain not less than 95 percent of chlorinated

phenols as determined by titration of hydroxyl and calculated as pentachlorophenol.

7.7.2 It shall contain not more than 1 percent of matter insoluble N/1 aqueous
sodium hydroxide solution.

7.7.3 It shall have a freezing point of not less than 174 deg C.

7.7.4 Solvents used to prepare solutions of pentachlorophenol shall comply with
the standards of the AREA.

7.7.5 Tests to establish conformity with the foregoing requirements shall be
made in accordance with the standard methods of the AWPA (see AWPA Manual
Sec. A5).

7.8 COPPER NAPHTHENATE
7.8.1 The naphthenic acid used in the manufacture of copper napthenate shall

be of the group of cyclopentane carboxylic acids occurring in petroleum and shall

have an acid number of not less than 180 on an oil-free basis.

7.8.2 The copper naphthenate concentrate used to prepare wood-preserving
solutions shall contain not less than 6 percent nor more than 8 percent copper in the

form of copper naphthenate.

7.8.3 All of the copper present in the concentrate shall be combined as copper
naphthenate.

7.8.4 Copper naphthenate concentrate shall not contain more than 0.5 percent
water.

7.8.5 Solvents used to prepare solutions of copper naphthenate shall comply
with the standards of the AREA.

7.8.6 The foregoing tests shall be made in accordance with the standard methods
of the AWPA (see AWPA Manual, Sec. A5).
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7.9 SOLUBILIZED COPPER-8-QUINOLINOLATE

7.9.1 Solubilized copper-8-quinolinolate shall have the following composition:

Percent

Copper-8-quinolinolate, wt min 10.0

Nickel-2-ethyhexoate, wt min 10.0

Inert ingredients ( hydrocarbon solvents ) wt min 80.0

100.0

7.9.2 Physical Properties:

Copper as metal, wt min 1.80

Nickel as metal, wt min 1.80

pH 5.5-6.5

Specific gravity at 77 deg F 0.935-0.975

Solubility—Completely soluble in aliphatic and aromatic solvents which
comply with the standards of die AREA.

7.9.3 Solubilized copper-8-quinolinolate should be free of amines, phosphoric

acid, or naphthenic acid and its derivatives.

7.9.4 Tests to determine the foregoing requirements shall be made in accord-

ance with AWPA Standards.

Note—This preservative is recommended only for above-ground use. It is ap-

proved specifically for the treatment of wood which might come in contact with food-

stuffs. A retention of 0.2 lb per cu ft is recommended

7.10 HYDROCARBON SOLVENT, TYPE A

Hydrocarbon Solvent, Type A for preparing solutions of oil-borne preservatives

such as pentachlorophenol and copper naphthenate shall be composed of petroleum

distillates, or a blend of petroleum distillates and co-solvents provided that die

blended solvent meets the following requirements:

7.10.1 Distillation, ASTM Standard D 86, total volume of fractions:

7.10.1.1 50% volume distilling point—490 F minimum.

7.10.1.2 90% volume distilling point—585 F minimum.

7.10.2 Viscosity of the oil fraction undistilled above 500 F from a 100 ml ASTM
Standard D 86 distillation—Kinematic viscosity, CST @ 100 F, ASTM Standard

D 445—3.46 min. (equivalent SSU viscosity @ 100 F—37.5 min., ASTM Standard

D 88).

7.10.3 Flash Point, PMCC, ASTM Standard D 93—150 F minimum.

7.10.4 Solvency, grams of pentachlorophenol soluble at 75 F (see Standard

A5, Sec. 4).

7.10.4.1 In 90 grams of whole oil—10 grams minimum.

7.10.4.2 In the oil fraction undistilled above 500 F from a 100 ml ASTM
Standard D 86 distillation—6 grams minimum.

7.10.5 Water and Sediment, percent, B.S.&W., ASTM Standard D 96—0.5

maximum.

Note 1: If any co-solvents used are chlorinated solvents, they should not be

distilled in a copper distillation apparatus, and the Lime Ignition method should

not be used for boring assay.
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Note 2: Any co-solvents used shall meet the following requirements on water

solubility:

A. The co-solvent shall not be completely water soluble.

B. The co-solvent shall be permitted to have solubility in water to the extent

that upon saturation, the solubility of pentachlorophenol in the total

preservative blend shall not be affected and that emulsions do not result

that would preclude its use.

C. The co-solvent shall not induce leaching of pentachlorophenol from the

total preservative blend as determined by the following method:

A control blend consisting of five percent by weight pentachlorophenol

in the petroleum oil portion of the solvent shall be made up and extracted

with distilled water at 75 F at the rate of 50 grams of the blend and

200 grams distilled water, shaken vigorously ten times in a 500 ml separa-

tory funnel. Allow to separate completely and analyze the oil layer for

pentachlorophenol. Repeat, using the same concentration of pentachloro-

phenol in a blend of the co-solvent and the same petroleum oil. The

amount of pentachlorophenol found in the oil layer of the penta-

co-solvent-petroleum oil blend shall be no less than that found in the oil

layer of the control blend.

Note 3: When hydrocarbon solvent Type A is used to treat species that require

steam conditioning (such as southern pine), it is recommended that the solvent

have a maximum specific gravity of 0.910 at 60 F (minimum API gravity 24),

ASTM Standard D 287. This will help avoid the formation of oil-water emulsions.

7.11 HYDROCARBON SOLVENT, TYPE B

Hydrocarbon Solvent, Type B (Volatile Petroleum Solvent—LPG) for preparing

solutions of pentachlorophenol, copper naphthenate and Copper-8-Quinolinolate, shall

conform to the following requirements:

7.11.1 Vapor pressure @ 100 F, ASTM Standard D 1287—200 psig maximum.

7.11.2 Distillation, ASTM Standard D 1837.

95 percent volume distilling point—36 F maximum.

7.11.3 Auxiliary Solvent:

The auxiliary solvent not to exceed 5 percent of the total volume of the com-

bined solvent and which will not increase the 95 percent boiling point of the liquefied

petroleum gas above 36 F, may be used providing its dry point shall be not more
than 160 F by test method ASTM Standard D 1078.

Note: In using pentachlorophenol dissolved in the type of solvent described

above, the usual requirement for solution concentration does not apply. The wood is

treated using a full cell process and the retention is controlled by adjusting solution

concentration. Results of treatment, with respect to retention, are determined either

by assaying the treated wood or by inventorying the preservative in solution before

and after a charge.
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7.12 HYDROCARBON SOLVENT, TYPE C
Hydrocarbon Solvent, Type C (Light Hydrocarbon Solvent with Auxiliary

Solvent )

.

Petroleum solvent for preparing solutions of pentachlorophenol shall be com-
posed of the following solvents conforming to the respective indicated requirements:

7.12.1 Light Petroleum Solvent"

Gravity, °API at 60 F (D 287) 40.9min.
Gravity, Spec, at 60 F (by conversion) 0.820 max.
Color (D 1500) 1 max.
Flash TCC, °F (D 56) 80 min.

Distillation, °F (D 86)
IBP 360 max.

EP 415 max.

Doctor Test ( D 484) Negative

7.12.2 Auxiliary Solvent

An auxiliary or co-solvent shall be used with the Light Petroleum Solvent and

pentachlorophenol but shall not exceed 10% of the total volume of the combined

solvents. The combination of the auxiliary solvent and Light Petroleum Solvent shall

have the following properties:

(a) Viscosity: Kin. vis. cSt. at 100 F (D 445) 5.8 max.

( Equiv. SUS vis. at 100 F = 45 max. by ASTM D 88.

)

(b) Flash, TCC °F (D 56) 80 min.

Color of auxiliary solvent ( D 1500 ) 1 max.

Anti-Blooming. The auxiliary solvent shall have such properties and shall be

used at such concentrations to prevent "blooming". Blooming is defined as formation

of visible penta crystals on any surface of the treated wood within a period of two

days after completion of treatment.

Test for Water Solubility of Auxiliary Solvent. To a glass-stoppered 100 ml

graduated cylinder add 50 ml distilled water (75° F ± 1° F). Fill the cylinder to

the 100 ml mark with the auxiliary solvent (same temperature), stopper and invert

cylinder 10 times and allow to stand for 30 minutes. At the end of the 30 minute

period the interface between the auxiliary solvent layer and the water layer should

read not less than 49.5 ml nor more than 50.5 ml.

7.12.3 For solubilized copper-8-quinolinolate and copper naphthenate solutions

the auxiliary solvent need not be used.

1 For treatment of lumber, the distillation E.P. shall be 375 F max.

7.13 ACID COPPER CHROMATE (ACC)

7.13.1 Acid copper chromate shall have the following composition:

Copper, as CuO 3L8%

Hexavalent chromium, as CrOs 68.2%

subject to the following tolerances:

7.13.2 The composition of the solid preservative or of the preservative present

in a treating solution may vary within the following limits:

Min.

Copper, as CuO j?8.0*

Hexavalent chromium, as CrCX 63 -3*
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7.13.3. The solid preservative or treating solution shall be made up of water

soluble compounds selected from the following groups each in excess of 95 percent

purity on an anhydrous basis:

Bivalent copper—e.g., copper sulfate

Hexavalent chromium—e.g., sodium or potassium dichromate, chro-
mium trioxide

The commercial preservative shall be labeled as to its total content of active

ingredients listed in the first paragraph.

7.14.4 Tests to establish conformity with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association. (See Standard A2.

)

7.14 AMMONIACAL COPPER ARSENITE (ACA)

7.14.1 Ammoniacal copper arsenite shall have the following composition:

Copper, as CuO 49.8%

Arsenic, as As2Os 50.2%

subject to the tolerances listed in paragraph 2.2.

The above shall be dissolved in a solution of ammonia (NH3 ) in water. The
weight of ammonia contained in a treating solution shall be from 1.5 to 2.0 times

the weight of the copper oxide. To aid in solution, not over 1.7 percent of glacial

acetic acid may be added.

7.14.2 The composition of the preservative present in a treating solution may
vary within the following limits:

Min.
Copper, as CuO 47.7%

Arsenic, as As2 5 47.6%

7.14.3 The solid preservative or treating solution shall be made up of water
soluble compounds selected from the following groups each in excess of 95 percent
purity on an anhydrous basis:

Bivalent copper—e.g., cupric hydroxide

Trivalent arsenic—e.g., arsenic trioxide

The commercial preservative shall be labeled as to its total content of active

ingredients listed in the first paragraph.

7.14.4. Tests to establish conformity with the foregoing requirements shall be
made in accordance with the standard methods of the American Wood-Preservers'
Association. (See Standard A2.)

7.15 CHROMATED COPPER ARSENATE TYPE A (CCA TYPE A)

7.15.1 Chromated copper arsenate, Type A, shall have the following composition:

Hexavalent chromium, as CrOs 65.5%
Copper, as CuO 18.1%
Arsenic, as As2Os 16.4%

subject to the following tolerances:

7.15.2 The composition of the solid preservative or of the preservative present
in a treating solution may vary within the following limits:
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Min., % Max., %
Hexavalent chromium, as CrOa 59.4 69.3
Copper, as CuO 16.0 20.9

Arsenic, as As^Os 14.7 19.7

7.15.3 The solid preservative or treating solution shall be made up of water
oluble compounds selected from the following groups each in excess of 95 percent
mrity on an anhydrous basis:

Hexavalent chromium—e.g., potassium or sodium dichromate, chro-
mium trioxide

Bivalent copper—e.g., copper sulfate, basic copper carbonate, cupric
oxide or hydroxide

Pentavalent arsenic—e.g., arsenic pentoxide, arsenic acid, sodium arse-
nate or pyroarsenate

The commercial preservative shall be labeled as to its total content of active

ngredients listed in the first paragraph

7.15.4 Tests to establish conformity with the foregoing requirements shall be

aade in accordance with the standard methods of the American Wood-Preservers

Association. (See Standard A2.

)

M6 CHROMATED COPPER ARSENATE, TYPE B (CCA—TYPE B)

7.16.1 Chromated copper arsenate, Type B, shall have the following compo-

ition:

Hexavalent chromium, as CrOrs 35.3%

Copper, as CuO 19.6%

Arsenic, as As2 5 45.1%

ubject to the following tolerances:

7.16.2 The composition of the solid preservative or of the preservative present

a a treating solution may vary within the following limits:

Min., % Max., %

Hexavalent chromium, as CrOa 33.0 38.0

Copper, as CuO 18.0 22.0

Arsenic, as Aso05 42.0 48.0

7.16.3 The solid preservative or treating solution shall be made up of water

oluble compounds selected from the following groups each in excess of 95 percent

unity on an anhydrous basis:

Hexavalent chromium—e.g., potassium or sodium dichromate, chro-

mium trioxide

Bivalent copper—e.g., copper sulfate, basic copper carbonate, cupric

oxide or hydroxide

Pentavalent arsenic—e.g., arsenic pentoxide, arsenic acid, sodium arse-

nate or pyroarsenate

The commercial preservative shall be labeled as to its total content of active

lgredients listed in the first paragraph

7.16.4 Tests to establish conformity with the foregoing requirements shall be

lade in accordance with the standard methods of the American Wood-Preservers'

.ssociation. (See Standard A2.

)
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7.17 CHROMATED COPPER ARSENATE TYPE C (CCA—TYPE C)

7.17.1 The active ingredients in chromated copper arsenate shall have the

following composition:

Hexavalent chromium, as CrOa 47.5%

Copper, as CuO 18.5%

Arsenic, as As2Os 34.0%

7.17.2 The analytical composition of the active ingredients in the solid preserva-

tive or treating solution shall lie between the following limits:

Min., % Max., %

Hexavalent chromium, as CrC>3 44.5 50.0

Copper, as CuO 17.0 21.0

Arsenic, as As2Os 30.0 38.0

7.17.3 The solid preservative or treating solution shall be made up of water

soluble compounds selected from the following groups each in excess of 95 percent

purity on an anhydrous basis:

Hexavalent chromium—e.g., potassium or sodium dichromate, chro-

mium trioxide

Bivalent copper—e.g., copper sulfate, basic copper carbonate, cupric

oxide or hydroxide

Pentavalent arsenic—e.g., arsenic pentoxide, arsenic acid, sodium arse-

nate or pyroarsenate

The commercial preservative shall be labeled as to its total content of active

ingredients listed in the first paragraph.

7.17.4 Tests to establish conformity with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association. (See Standard A2.)

7.18 CHROMATED ZINC CHLORIDE (CZC)

7.18.1 Chromated zinc chloride shall have the following composition:

Hexavalent chromium, as CrOa 20%

Zinc, as ZnO 80%

subject to the following tolerances:

7.18.2 The composition of the solid preservative or of the preservative present

in a freshly prepared treating solution may vary within the following limits:

Min., %

Hexavalent chromium, as CrOa 19

Zinc, as ZnO 76

7.18.3 Samples of chromated zinc chloride treating solution taken from a work-

ing tank or treating cylinder may show changes in composition as a result of treating

operations. Such changes shall not serve to cause rejection of the preservative if they

do not raise the ratio of zinc oxide to chromium trioxide to more than 7 to 1, and
if it can be shown that the original fresh preservative was of the specified

composition.
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7.18.4 The solid preservative or treating solution shall be made up of water

soluble compounds selected from the following groups each in excess of 95 percent

purity on an anhydrous basis:

Hexavalent chromium—e.g., sodium dichromate, chromium trioxide

Zinc—e.g., zinc chloride

The commercial preservative shall be labeled as to its total content of active

ingredients listed in the first paragraph.

7.18.5 Tests to establish conformity with the foregoing requirements shall be

made in accordance with the standard methods of the American Wood-Preservers'

Association. (See Standard A2.)

7.19 FLUOR CHROME ARSENATE PHENOL (FCAP)

7.19.1 The active ingredients in fluor chrome arsenate phenol preservative

shall have the following composition:

Fluoride, as F 22$

Hexavalent chromium, as Cr03 37%

Arsenic, as As2 5 25%

DinitrophenoP 16%

7.19.2 The analytical composition of the active ingredients in the solid preserva-

tive or treating solution shall be between the following limits:

Min., % Max., %

Fluoride, as F 20 24

Hexavalent chromium, as Cr03 33 41

Arsenic, as As2 5 22 28

Dinitrophenol 14 18

7.19.3 The solid preservative or treating solution shall be made up of water

soluble compounds selected from the following groups each in excess of 95 percent

purity on an anhydrous basis:

Fluorides—e.g., sodium or potassium fluoride

Hexavalent chromium—e.g., sodium or potassium chromate or dichro-

mate

Pentavalent arsenic—e.g., sodium arsenate

Dinitrophenol—dinitrophenol

Sodium or potassium hydroxide may be used to adjust the pH, and a solution

)f the preservative shall be essentially free of insoluble matter. The commercial

preservative shall be labeled as to its total content of active ingredients listed in the

irst paragraph.

7.19.4 Tests to establish conformity with the foregoing requirements shall be

nade in accordance with the standard methods of the American Wood-Preserw,V

Association. (See Standard A2.

)

Bnl. 645
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7.20 pH OF TREATING SOLUTIONS

7.20.1 The pH of water-borne preservative solutions shall be within the follow-

ing limits:

Preservative pH Limits

ACA Not applicable

ACC 2.0-3.9

CCA-Type A 1.6-3.2

CCA-Type B 1.6-3.0

CCA-Type C 1.6-3.0

CZC 2.8-4.0

FCAP 5.5-7.8

7.20.2 These pH values are preferably measured at an oxide concentration in

the treating solution of 15-22 g./l. and at a temperature of 20-30 C. If a treating

solution has a pH outside the stated limits, and it can be shown that it can be made

conforming by adjustment of concentration to within the recommended limits, the

solution shall be considered conforming to the standard.

6 An equal amount of sodium pentachlorophenate may be used in place of dinitrophenol
provided the pH of the treating solution is in excess of 7.0.

Part 8

Methods of Testing Properties, Volume, Pene-

tration, and Quantity of Preservatives,

and of Measuring and Sampling
Creosote

CONTENTS
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8.2 Volume Correction for Temperature in the Measurement of Creosote . . 437

8.3 Standard Methods for Sampling Wood Preservatives 438

8.4 Simplified Method for Taking Zone Samples of Creosote in Tank Cars . 439

8.5 Standard Abridged Volume Correction Tables for Petroleum Oils .... 440

8.6 Volume Correction Factors for Preservative Salt Solutions 442
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J.l STANDARD VOLUME CORRECTION TABLE FOR
3REOSOTE-PETROLEUM SOLUTIONS

Factors to be used for determining the volume at 100 deg F occupied by unit

'olume at temperatures ranging from 60 deg F to 220 deg F on solutions containing

rom 30 percent to 70 percent Group or Group 1 petroleum. When both Group
md Group 1 petroleum are used in making up a solution, the gravity of the mix-

ure of the two oils will be used to determine the group in which the mixture falls

ind thus the factors to use. Group oils are those whose specific gravities at 60
leg F/60 deg F are not less than 0.9665. Group 1 oils are those whose specific

gravities at 60 deg F/60 deg F are not less than 0.8504 and not over 0.9664. The
)bserved volume is to be multiplied by the factor corresponding to the observed

emperature.
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8.2 VOLUME CORRECTION FOR TEMPERATURE IN THE
MEASUREMENT OF CREOSOTE

All volume measurements of creosote shall be referred to the volume at 100

deg F as standard.

In making volume corrections for temperature, the following table should

be used.

Volume Correction Table for Creosote, Creosote-Coal Tar

Solution (up to SO percent Tar) and Coal Tar

The observed volume is to be multiplied by the factor corresponding to the
observed temperatures

Observed
Temperature.
Degrees F
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Volume Correction Table for Creosote, Creosote-Coal Tar

Solution (up to SO percent Tar) and Coal Tar (Cont'd)

The observed volume is to be multiplied by the factor corresponding to the

observed temperatures

Observed
Temperature,
Degrees F
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8.4 SIMPLIFIED METHOD FOR TAKING ZONE SAMPLES
OF CREOSOTE IN TANK CARS

In cases where observation does not indicate an unusual amount of free or

mixed water, the following procedure may be found advantageous as a substitute

for the sampling of each zone as previously described. Lower a sampler of the type

shown in Fig. 1 until the point marked Zone 1 on its handle is level with the top

of the dome, remove the cover, and when the can is filled withdraw it slowly.

Repeat this filling procedure when the sampler is lowered twice to the point on

the handle marked Zone 2, and once to the point marked Zone 3. The resulting

four samples shall be combined and mixed promptly while the oil is fluid throughout

and free of crystals.

Wood handle |xlw Screw Eye1

fRiW

Zone 3 —

Zone 2-

Zone I -f-< »

h

'|**lfBolfswifh

sq heads and

sq.nuts.

V

&7i
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rt^'l

Atfoch+pasbl

Cord here x I

olZ5op or i_jf

Fig. 1—Substitute zone sampling apparatus.
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8.5 STANDARD ABRIDGED VOLUME CORRECTION TABLES
FOR PETROLEUM OILS

The following abridged tables contain factors for reducing oil volumes to the basis of 60 deg F

(Table 1) and 100 deg F (Table 2). The factors contained In Table 1 were taken from the Supplement to NBS

Circular C410, Issued July 20, 1937. The factors contained in Table 2 are computed values based on Table 1.

Only Group and Group 1 oils were considered in the preparation of these tables. These groups, with

the gravity ranges of each, follow!
Range of Group

Group Number Degrees A.P.I. Specific Gravity at 60-60° F
to U.9 1.076 to 0.9665

1 15.0 to 34.9 0.9664 to 0.8504

To use the tables, multiply the volume at observed temperature by the factor corresponding to that

temperature In the tables. Use Table 1 to reduce oil volumes to the basis of 60 deg F , and Table 2 to

reduce oil volumes to the basis of 100 deg F.

TABLE
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FACTORS TO BE USED FOR DETERMINING THE VOLUME AT 100 DBG F OCCUPIED BT UNIT VOLUME AT TEMPERATURES
RANGING FROM 30 DBG F TO 220 DBG F.

Observed
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8.6 VOLUME CORRECTION FACTORS FOR PRESERVATIVE
SALT SOLUTIONS

Factors for Calculating Volumes* of Preservative Salt Solutions at 100 Deg F

When Observed at Temperatures Ranging from 60 to 170 Deg F

Observed
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Factors for Calculating Volumes* of Preservative Salt Solutions at 100 Dec F

When Observed at Temperatures Ranging from 60 to 170 Deg F (cont'd)

Observed
Tecp.

ase f

Factors for solutions having concentrations oi

i: - 125 IV 16S 1P.% 2C
'

60
62
64
66
68

70
72
7*
76
78

80
82
84
86
88

90
92
9*
96
98

100
102
104

106
108
110

112
114
116
118

120
122
124
126
128

130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168

1.0093
1.0089
1.0085
1.0080
1.0076
1.0071
I.0067
1.0062
1.0057
1.0053
1.0048
1.0043
1.0039
1.0034
1.0029
1.0024
1.0019
1.0015
1.0010
1.0005
1.0000

.9995

.9990

.9985

.9980

.9974

.9969

.9964

.9958

.9953

.9947

.9941

.9935

.9930

.9924
•9919
.9913
.9907
.9901
.9895
.9889
.9882

.9876

.9870

.9863

.9857

.9850

.9844

.9837

.9831

.9824

.9817

.9810

.9803

.9796

.973 9

I.0098
1.0094
1.0089
I.0085
1.0080
1.0075
1.0070
I.0065
1.0060
1.0056
1.0051
1.0046
1.0041
1.0036
1.0031
1.0026
1.0021
1.0016
1.0010
1.0005
1.0000

.9995

.9989

.9984

.9978

.9973

.9967

.9961

.9955

.9949

.9943

.9937

.9931

.9925

.9919

.9913

.9907

.9901

.9894

.9888

.9882

.9876

.9870

.9864

.9857

.9851

.9844

.9837

.9331

.9824

.9817

.9810

.9803

.9796

.9739

1.0106
1.0101
1.0096
1.0091
1.0086
1.0081
1.0076
1.0071
1.0065
1.0060
1.0055
1.0050
1.0045
1.0039
1.0034
1.0029
1.0023
1.0017
1.0012
1.0006
1.0000
.9994
.9988

.9983

.9978

.9972

.9966
•9961
.9955
.9949
.9944
.9938
.9932
.9926
.9919
.9913
.9907
.9900
.9893
.9887
.9881
.9874
.9867
.9861

.9848

.9841

.9834

.9827

.9820

• 9§
x
5

.9806

.9799

.9791

.9783
-..9.776..

1.0112
1.0106
1.0100
1.0095
1.0090
1.0084
1.0078
1.0073
1.0068
1.0062
1.0056
1.0051
1.0046
1.0041
1.0035
1.0030
1.0024
1.0018
1.0012
1.0006
1.0000
•9994
.9988
.9982
.9976
.9970
.9964

.9958

.9952

.9945

.9939

.9933

.9926

.9919

.9913

.9907

.9900

.9893

.9886

.9879

.9873

.9866

.9859

.9852

.9846

.9839

.9832

.9825

.<»8l8

.9811

.9804

.9797

.9789

.9782

.9774
. .9767

1.0119
1.0113
1.0107
1.0101
1.0096
1.0090
1.0084
1.0079
1.0073
1.0067
1.0061
1.0054
1.0048
1.0042
1.0036
1.0030
1.0024
1.0018
1.0012
1.0006
1.0000
.9994
.9987
.9981
.9975
.9969
.9962
.9956
.9949
.99*3
.9936
.9930
.9924
.9917
.9910
.9904
.9897
.9890
.9883

.9876

.9869

.9862

.9855

.9848

.9841

.9834

.9827

.9820

.9813

.9806

.9798

.9791

.9783

.9775

.9768
-1760

1.0123
1.0117
1.0111
1.0105
1.0099
1.0093
1.0087
1.0082
1.0076
1.0070
1.0064
1.0058
1.0051
1.0045
1.0039
1.0032
1.0026
1.0020
1.0013
1.0007
1.0000

.9993

.9986

.9980

.9974

.9967

.9961

.9955

.9948

.9941

.9934

.9928

.9921

.9914

.9907

.9900

.9893

.9887

.9880

.9873

.9866

.9859

.9352

.9845

.9837

.9830

.9823

.9815

.9807

.9800

.9793

.9785

.9778

.9770

.9762

.9754

* To obtain volume of solution at 100 deg F, multiply observed volume by factor corresponding

to observed temperature and concentration of the solution.
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Part 9

Specifications for Treatment
CONTENTS

Section Page

9.1 General Requirements 444
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9.3 Results of Treatment 448
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9.5 Inspection 449

9.6 Methods of Determining Penetration in Wood Treated with Preserva-

tives 450

9.7 Retreatment 450

9.8 Specific Requirements for Preservative Treatment by Pressure Processes 451

9.1 GENERAL REQUIREMENTS
The following requirements apply to each of the treatment processes. If these

requirements are to be modified to meet special conditions, complete detailed

instructions shall be given.

9.1.1 Plant Equipment

Treating plants shall be equipped with the thermometers and gages necessary

to indicate and record accurately the conditions at all stages of treatment, and all

equipment shall be maintained in acceptable, proper working condition. The
apparatus and chemicals necessary for making the analyses and tests required by
the purchaser shall also be provided by plant operators, and kept in condition for

use at all times.

9.1.2 Incising

When incising is specified in Table 1, the material shall be incised prior to

yarding and seasoning to reduce checking, or if dry prior to treatment on four

sides, with incisor not more than a
7
2 in thick to the pattern shown in Fig. 1. In

pieces 5 in or more thick, the incisions shall be % in deep. In pieces less than 5

but more than 2 in thick, they shall be % in deep in the edges but only % in deep
in the sides. Incising of pieces 2 in and thinner is not recommended. Patterns

slightly different are not objectionable if machines constructed prior to 1940 are

used.

mm ±
Spacing £

2"Tee+h
32

4.
_L
21"
32

_j

~Z1
-4

Fig. 1

2.35
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9.1.3 Conditioning

Material shall be conditioned by air-seasoning, vapor-drying, by kiln drying, by

steaming, or by heating in the preservative either under vacuum or at atmospheric

pressure, or by a combination of them as agreed upon, in such a manner as will

not cause damage for the use intended.

When air-seasoning is used, the material shall be treated before it begins to

deteriorate.

When steam conditioning is used, the maximum temperature and the overall

maximum duration of steaming shall be as prescribed for the species and type of

material in Table 1. The maximum temperatures specified shall not be reached in

less than 1 hour. Lower temperatures and shorter steaming periods may be used

when agreed to by the purchaser.

The cylinder shall be provided with vents to relieve it of air and to insure

proper distribution of steam. After steaming is completed, a vacuum of at least 22

in at sea level shall be drawn.

The cylinder shall be relieved continuously or frequently enough to prevent

condensate from accumulating in sufficient quantity to reach the wood. Before

preservative is introduced the cylinder shall be drained of condensate.

When steaming is used solely to preheat the material prior to treatment, the

vacuum period may be waived. Ice-coated or frozen material may be steamed prior

to conditioning or treatment for a total period not to exceed 2 hours. The tempera-

ture shall not exceed 240 deg F.

When conditioning by heating in oil is used, the oil shall cover the material

in the cylinder. If a vacuum is drawn during the conditioning period, it shall be of

sufficient intensity to evaporate water from the material at the temperature of the

oil. The intensity of the vacuum, or the temperature of the oil, or both, shall be

adjusted so as to regulate the evaporation of water satisfactorily. The conditioning

shall continue until the material is sufficiently heated and enough water removed

to permit proper penetration. The oil shall be removed from the cylinder before

an empty-cell process is applied.

When vapor-drying, the material shall be placed in the treating cylinder and

stripped with /2-in material to provide vapor circulation. Cylinder is closed and

xylene derivative (drying agent) is introduced into the cylinder just below the

timbers. Temperature in the cylinder is brought to approximately 250 to 270 F by

introducing steam into the coils in the bottom of the cylinder. Moisture of die

wood mixes with the drying agent in vapor form and the two are carried out of the

cylinder to a condenser where they are returned to liquid form and separated.

Water is pumped off to waste and the drying agent is reclaimed and reused.

9.1.4 Machining

All adzing, boring, chamfering, framing, gaining, incising, surfacing, trimming,

etc., shall be done prior to treatment.

9.1.5 Sorting and Spacing

Whenever it is practicable, the material in any charge shall consist of pieces

similar in size, species, moisture content, and receptivity to treatment and so

separated as to insure contact of treating medium with all surfaces.
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9.2 TREATMENT

9.2.1 Creosote-Type Preservatives

9.2.1.1 Manner of Treatment

Following the conditioning period, the material shall be treated by an empty-

cell process whenever practicable, to obtain as deep and uniform penetration as

possible with the retention of preservative stipulated. Material shall be treated by

the full-cell process only when the maximum net retention is desired and when

pressure is held to refusal, or when the stipulated retention is greater than can be

obtained by the use of an empty-cell process. The ranges of pressure, temperature

and time duration shall be controlled so as to obtain maximum penetration with the

quantity of preservative injected.

9.2.1.2 Empty-Cell—Lowry and Rueping*

Material shall be subjected to atmospheric air pressure or to a higher initial

air pressure of the necessary intensity and duration. The preservative shall be intro-

duced until the cylinder is filled, the air pressure being maintained constant during

the filling operation. The pressure shall be raised to not more than that specified

in Table 1. Material shall be held under pressure until there is obtained the largest

practicable volumetric injection that can be reduced to the stipulated retention by

ejection of surplus preservative from expansion of the air initially introduced and

by a quick high vacuum.

The temperature of the preservative during the entire pressure period shall be
not more than 210 F, but shall average at least 180 F.

After the pressure period is completed the cylinder shall be emptied speedily

of preservative, and a vacuum of not less than 22 in at sea level created promptly

and maintained until the wood can be removed from the cylinder free of dripping

preservative.

An expansion bath may be applied after pressure of an oil treatment is com-
pleted and before removal of preservative from the cylinder, by quickly reheating

the oil surrounding the material to the maximum temperature permitted by the

individual species specification, either at atmospheric pressure or under vacuum,
the steam to be turned off the heating coils immediately after the maximum tem-
perature is reached. The cylinder shall then be emptied speedily of preservative

and a vacuum of not less than 22 in at sea level created promptly and maintained
until the wood can be removed from the cylinder free of dripping preservative.

At the completion of the treatment, material may be cleaned by final steam-
ing as specified in Table 1 for the individual type of material or species.

9.2.1.3 Full Cell—Bethel
Material shall be subjected to a vacuum of not less than 22 in at sea level

for not less than 30 minutes either before the cylinder is filled or during the period
of heating in the preservative. If not already full, the cylinder shall then be filled

without first breaking the vacuum. The pressure shall be raised to not more than
that specified in Table 1. Material shall be held under pressure until there is

obtained the volumetric injection that will insure the stipulated retention, or until

the wood is treated to refusal.

• -L- t
If

-

the cylind
,
er

,
is filled at atmospheric air pressure, the process is known as Lowry. If

initial air pressure higher than atmospheric is used, the process is known as Rueping.
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The temperature of the preservative during the entire pressure period shall be

not more than 210 F, but shall average at least 180 F.

After pressure is completed, the cylinder shall be emptied speedily of preserva-

tive and a vacuum of not less than 22 in at sea level created promptly and main-

tained until the wood can be removed from the cylinder free of dripping preservative.

9.2.2 Water-Borne Preservatives

9.2.2.1 Manner of Treatment

Following the conditioning period*, the material shall be treated by the full-

cell process as described in Art. 9.2.1.3. The treating solution shall be of uniform

concentration and no stronger than necessary to obtain the required retention of

dry salt preservative with the largest volumetric absorption practicable. The ranges

of pressure, temperature and time duration shall be controlled so as to obtain the

maximum penetration by the quantity of preservative injected.

The temperature of the preservative during the entire pressure period shall

not be more than 160 F in the case of chromated zinc chloride, or 120 F for acid

copper chromate.

9.2.3 Oil-Borne Preservatives

9.2.3.1 Manner of Treatment

Following the conditioning period*, the material shall be treated by an empty-

cell process as described in Art. 9.2.1.2, whenever practicable, to obtain as deep

and uniform a penetration as possible with the retention of preservative stipulated.

Material shall be treated by the full-cell process as described in Art. 9.2.1.3, only

v/hen the maximum net retention is desired and where pressure is held to refusal,

or when the stipulated retention is greater than can be obtained by the use of an

empty-cell process. The ranges of temperature, pressure and time duration shall

be controlled so as to obtain maximum penetration with the quantity of preservative

injected.

The temperature of the preservative during the entire pressure period shall not

be more than 210 F, but shall average at least 140 F

After pressure is completed, the cylinder shall be emptied speedily of preserva-

tive solution and a vacuum of not less than 22 in at sea level created promptly

and maintained until the wood can be removed from the cylinder free of dripping

solution.

An expansion bath may be applied after pressure of an oil treatment is com-

pleted and before removal of preservative from the cylinder, by quickly reheating

the oil surrounding the material to the maximum temperature permitted by the

individual species specification, either at atmospheric pressure or under vacuum,

the steam is to be turned off the heating coils immediately after the maximum tem-

perature is reached. The cylinder shall then be emptied speedily of preservative

and a vacuum of not less than 22 in at sea level created promptly and maintained

until the wood can be removed from the cylinder free of dripping preservative.

At the completion of treatment by an empty-cell process material may be

cleaned by final steaming as specified in Table 1 for the individual type of materia]

or species.

* Heating in preservative is not practicable.
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9.3 RESULTS OF TREATMENT

9.3.1 Retention of Preservative

The net retention in any charge shall be not less than 90 percent of the quan-

tity of preservative that may be specified; but the average retention by the mate-

rial treated under any contract or order and the average retention of any 5 consecu-

tive charges shall be at least 100 percent of the quantity required, unless specified,

and treated to refusal. The amount of preservative retained shall be calculated

from reading of working-tank gages, or scales, or from weights before and after

treatment of loaded trams on suitable track scales, with the necessary corrections

for changes in moisture content, or by the assay method. Recommended minimum

retentions for various materials for various uses are contained in Table 1.

The retention of oil-borne and water-borne preservatives shall be expressed in

pounds of dry preservative per cubic foot. The volume and specific gravity correc-

tion tables of the AREA shall be used in calculating retention.

The volume of oil-borne preservatives shall be calculated on the basis of 100 F.

Calculations of volume or weight shall be made by the use of temperature or

specific gravity factors contained in the volume and specific gravity correction tables

of the AREA.

The amount of preservative retained shall be in accordance with Table 1,

unless modified by the purchaser.

The penetration of preservative shall be as specified in Table 1.

9.3.2 Plugging Penetration Test Holes

All holes made for determining penetration of preservative shall be filled with

tight-fitting treated plugs.

9.4 PRESERVATIVES

The preservative used shall be whichever of the following specifications of the

AREA is stipulated:

9.4.1 Creosote-Type Preservatives

9.4.1.1 Creosote

9.4.1.2 Creosote-Coal Tar Solutions*

9.4.1.3 Creosote-Petroleum Solutions*

9.4.2 Water-Borne Preservatives

9.4.2.1 Ammoniacal Copper Arsenite (ACA)

9.4.2.2 Acid Copper Chromate (ACC)

9.4.2.3 Chromated Copper Arsenate (CCA)

9.4.2.4 Flour-Chrome-Arsenate Phenol (FCAP)

9.4.3 Oil-Borne Preservatives

9.4.3.1 Pentachlorophenol

9.4.3.2 Solubilized Copper-8-Quinolinolate

9.4.4 Comment

Water-borne preservatives are recommended for preservative treatment of all

classes of wood except marine piling; however, as a general rule, they have not

Retentions for creosote-coal tar and creosote-petroleum solutions are based on a 50 nercent
creosote solution. *
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been found entirely satisfactory for cross ties because they do not help to protect

the wood mechanically, are subject to leaching over long periods and, thus, will

decay and affect circuit conductivity. The quantity of water-borne preservatives

that should be used for various purposes are included under specific requirements

for preservative treatment by pressure processes.

9.5 INSPECTION

Inspection for conformity to the requirements of this specification shall be as

specified for the individual type of material or species as shown in Table 1 and as

specified in Arts. 9.5.1, 9.5.2 and 9.5.3 of this Section.

9.5.1 Retention of Preservative

When maximum retention by full-cell process or treatment to refusal is

specified, the pressure and temperature shall be maintained constant or increased

within a range consistent with good practice for the material being treated until

the quantity of preservative absorbed is not more than the following percentages

of the amount already injected: All species except Douglar fir and oak

—

% percent

in any half hour; Douglas fir and oak—2 percent in each of any 2 consecutive

half hours.

9.5.2 Penetration

After treatment, the inspector shall examine the charge and select representa-

tive material to be bored for determining penetration by the preservative. A boring

shall be made by the inspector approximately midway between the ends of each

selected piece, avoiding checks, knots, pitch pockets, shakes and splits, except in

red oak longer than 9 ft, when the boring shall be approximately 4 ft from either

end of the piece.

9.5.3 Measurement of Penetration

Except in the case of red oak, cores shall be split smoothly, lengthwise across

the grain, and depth of penetration and thickness of sapwood measured to the

nearest xtj in. The depth of penetration shall be the distance from the outer end

of the core to and including the summerwood of the innermost ring showing pene-

tration in its summerwood, provided there are no untreated bands of one or more

annual growth rings within the measured distance.

In the case of red oak, the number of annual growth rings in the core and

the number of rings containing preservative shall be counted. The latter divided

by the former will give the percentage of rings penetrated. When any ring appears

on the core more than once, each appearance shall be counted. Preservative in any

pore or vessel of any annual ring of the core shall class that ring as penetrated.

In case of doubt, the questionable ring shall be cut crosswise through the spring-

wood, and if any pore on the cut surface shows preservative for its length the ring

shall be considered penetrated. The percentage of rings penetrated in any charge

shall be determined by totaling the individual percentage and dividing their sum by

the number of cores.
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9.6 METHODS OF DETERMINING PENETRATION IN WOOD TREATED
WITH PRESERVATIVES

9.6.1 Ammoniacal Copper Arsenite (ACA)

9.6.2 Acid Copper Chromate (ACC)

9.6.3 Chromated Copper Arsenate (CCA)

9.6.4 Chromated Zinc Chloride (CZC)

9.6.5 Copperized Chromated Zinc Arsenate (CuCZA)

9.6.6 Fluor-Chrome-Arsenate-Phenol (FCAP)

9.6.7 Solubilized Copper 8-Quinolinolate

Test for penetration shall be in accordance with AWPA Standard A3.

The depth of penetration in gum lumber and ties shall be the sum of all treated

sections appearing on the core.

Penetration in material treated with water-borne preservatives shall be deter-

mined in accordance with AWPA Standard A3, Standard Method for Determining

Penetration of Preservatives.

9.7 RETREATMENT

Material not conforming to the stipulated minimum requirements may be

reoffered for acceptance under the following conditions:

9.7.1 Material shall not be retreated more than twice.

9.7.2 When material is retreated in a charge with untreated material, the

volume of the retreatable material shall not exceed 10 percent of the total volume

of the charge, and in the computation of the required minimum net retention of

preservative, all material in the charge shall be considered as untreated.

9.7.3 When a charge as a whole is retreated, the total retention as a result

of all treatments shall be sufficient to satisfy the specified requirements for both

net retention and penetration.

9.7.4 When a charge made up of pieces for insufficient penetration only

is retreated, the amount of preservative injected during retreatment shall be suffi-

cient to produce the required penetration.
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9.8 SPECIFIC REQUIREMENTS FOR PRESERVATIVE TREATMENT
RY PRESSURE PROCESSES

Table 1—Specific Requirements for P

By Pressure Process

(Lumber, Timber

rvatlve Treatment

nd Bridge Ties i
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Table 1 (Cont'd) Specific Requirements for Preservative Treatment
By Pressure Processes

(Lumber, Timbers and Bridge Ties, Cont»d)

Pacific Coast Douglas Pla
Intormountain Douglas ?ii

Western Hemlock
Western Larch Oaks

CONDITIONING Air-seasoning, accelerated air-
soasoning, kiln drying, steaming
or heating in the preservative
or a combination

Air-seasoning, accelerated air-
seasoning, kiln dry ing or
heating in the preservative or a

combination

Steaming
Temp.-deg P-max
Dura t ion-hr-nax

Vacuum
Inches at sea level-min

Heating In preservative
Temp.-deg P-max

Required When thickness over 3"

Mot permitted

220

Not required

TREATMENT

Creosote -type preservative
Water-borne preservatives
Oil-borne preservatives

Preasure-psi-nax

Final steaming
Temp.-deg P-max
Doratlon-hr-max

Empty or full-cell
Full-cell

Empty or full-cell

150

Empty or full-cell
Pull-cell

Empty or full-cell

2^0
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Table 1 (Cont'd—Specific Requirements for rreservatlve Treatment
By Pressure Processes

(Lumber, Timbers and Bridge Ties, Cont'd)

soft] ::: .n::;g

Steaming
Temp.-deg E-nex
Duration-hr-max

Air-seasoning, accelerated air-
seasoning, kiln drying, steam
or heating in the preservativ
or a combination.

2i|0

6

n^

Vacuum
Inches at sea level-mln

Heatinr in preservatives
Tenp-deg F-max 220

Not required

Creosote-type preservatives
Water-borne preservatives
011-borne preservati ves

P res sure-psl-max

Final steaming
Temp.-deg F-max
Dura tlon-hr-max

Empty or full-cell
Full-cell

Empty or full-cell
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Table 1 (Cont'd)—Speciflc Requirements for Preservative Treatment
By Pressure Processes

(Piles)

Southern Pine
Fonderosa Fine

Pacific Coast
Douglas Fir

CONDITIONING

Steaming
Temp.-deg F-raax
Dura t ion-hr-max

Vacuum
Inches at sea level-min

Heating in preservative
Temp«-deg F-max

Air seasoning, accelerated
air seasoning, steaming or
heating in the preservative
or a combination.

2k$
20*

Air seasoning, accelerated
air seasoning, heating in
the preservative or a
combination.

Not permitted

22

220

TREATMENT

Creosote-type preset

Pre ssu re-pa i-max

Final Steaming
Temp.-deg "-max
Puration-hr-max

Empty or full-cell

200

2k$ (a)

3

Empty or full-cell

150

2I4.O

3_

RESULTS OF TREATMENT

Retention-lb per cu ft-min

Sampling zone for assay
inches from surface

Number of borings per charge

Creosote-type preservatives

Pen. Use Coastal Wate

Creosote
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Table 1 (Cont'd)—Specific Requirements for Preservative Treatment

by Pressure Processes

(Piles, Cont'd)
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Table 1 (Cont'd)—Specific Requirements for Preservative treatment
By Pressure Processes

(Poles)

Southern Pine
Ponderosa Pine

Jack
Pine

Red
Pine

Lodgopole
Pine

CONDITIONING Air seasoning, accelerated
air seasoning, steaming or
heating in tho preservative
or a combination

Air seasoning, accelerated
air seasoning, steaming or
heating in the preservative
or a combination

Steaming
Temp.-deg F_max
Durat ion-hr-max

Vacuum
Inches at sea level-min

Heating in preservative
Temp-deg-F-max

17
21*0

k

TREATMENT
Creosote-type preservatives
Oil-borne preservatives
^ressure-psi-max

Final Steaming
Temp • -dog F_max
Durat ion-iir-max

Empty or full-cell
Empty or full-cell

200

2k$

Empty or full-cell
Empty or full-cell

150

21*0

3_

RESULTS OF TREATMENT

iietentlon-lb per cu ft-nin
Sampling zone for assay

Inches from surface
Number of borings per charge

Creosote-type preservative
Creosote by Assay

by Weight
Creosote- by Assay

Coal tar by Weight
Creosote- by Assay
petroleum by Weight

Oil-borne preservatives
Pm tachlorophenol by Assay

by We lght

Water-borne preservatives
by Assay

Penetration in inches or
Percent of sapwood-min

Determination of penetration
Group A—poles whose 6 ft from
butt circumference is leS3 than
37.5 in.

Group B--Poles whose 6 ft from
butt circumference is 37.5 in
or more.

0.5-2.0
20

6
8
6
8

Not recommended
10

0.3
o.k

0.1-0.75
20

Not recommended

1.5" or 85% for jack and
lodgepole pine.

0.6 .6 .6 .6
0.6 .6 .6 .6

2.5" or 85%, 3.0" or 90%"

3.5" or 90/° for 8, 10 and
12 lb retention, respecti- 2.5" or 85% for red pine,
vely for creosote, creosote-
coal tar or for 0.30, 0.38,
0.1+5 lb retention respectively
of pentachlorophenol,

A borer core shall be taken mid-way between the butt and top of 20
poles in each charge. If 18 of the borings meet the penetration,
the Group A poles in the charge as a whole shall be accepted but
the non-conforming poles in the sample shall be retreated.
If 16 or 17 of the borings meet the requirements, each Group A pole
In the charge shall be bored and only those meeting the require-
ment shall be accepted.
If less than 16 of the borings meet the requirements, all Group A
poles in the charge shall be rejected.

A borer core shall be taken midway between the butt and the top of
each pole and only those meeting the penetration requirements shall
be accepted.

Note (1) Where water-borne salts used, heating In preservative, expansion bath or final steaming not
permitted and penetration as for heaviest oil-borne treatment.
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Table 1 (Cont'd)—Specific Requirements for Preservative treatment
By Pressure Processes

(Poles, Cont'd)

Pacific
Douftla 5 'ir

fntermountain
Douglas Fir
Western Larch

CONDITIONING Air seasoning, accelerated,
air seasoning, or heating in
the preservative or a
combinst ion

Steaming
Temp. -de g F-max
Duration-hr max

Vacuum
Inches at sea level-mir

Heating in preservative
Temp.-dejz; F-max

Not permitted

Creosote-type preservatives
Oil-borne preservative
Pr assure -psi-max

Final steaming
Temp,-deg F-max
Duration-hr-max

Empty or
Empty or 'ull-c

150

RESULTS OF TREATi-l.SNT

Retention-lb per cu,ft.-min
Sampling zone for assay

inches from surface
Number of borings

eservativea
by Assay
by Wei#it

Creosote- by Assay
coal tar by weight

Creosote- by Assay
petroleum byWeight

Oil-borne Preservatives
Pentachlorophenol by Assay

by Weight

Water-borne preservatives
by Assay

ACA
CCA

Penetration in inches or
percent of sapwood-min

Determination of penetration
Group A—poles whose 6 ft from butt
circumference is less than 37*5 *n »

Group B— poles vhose 6-ft from butt
circumference is 37.5 in or more.

0.25-1.00
20

9,12

0.10-0.6
30

15

Not recommended
Not recommended

0.1+5-0.60

Not Recommended
Hot Recommended

0.75

0.6
0.6

P.C. Douglas fir-0.75" for 6 lb retention and
6$% up to a max of 1.625" for heavier retentions.
Interm.Douglas fir-0.5" and 70^,we3torn Larch 0.50"
and 70%.

A borer core shall be taken mid-way between
the butt and top of 20 poles in each charge. If
18 of the borings meet the penetration, the Group
A poles in the charge as a whole shall be accepted,
but the non-comformin^ poles in the sample shall be
retreated. If 16 or 17 of the borings meet the
requirements, each Group A pole in the charge shall
be bored and only those meeting the requirement
shall be accepted.
If leas than 16 or the borings meet the requirement,
all Group A poles in the charge shall be rejected.
A borer core shall be taken midway between the butt and
the top of each pole and only those meeting the pene-
tration requirement accepted.

Note (l) Where water-borne salts used, heating in preservative, expansion bath
not permitted end penetration as for heaviest oil-borne treatment.

or fir j teaming
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Table 1 (Cont'd)—Specific Requirements for Preservative Treatment
By Pressure Processes

(Posts)

Southern Pine
Ponderosa Pine Jack Pine

CONDITIONING Air seasoning or steaming, or
heating in the preservative or
a combination.

Air seasoning or steaming (for
ice-coated or frozen posts only)
or heating in the preservative
or a combination.-*

Steaming
Temp.-deg F-mln

max
Dura tion-hr-min

max

Vacuum
Inches at sea level-min
Dure tion-hr-min

max

Heating in preservative
Terap.deg F-max
Dura t ion-hr-max

2U5

10

21*0

3

2

220

Expansion both
Temp.deg F-max
Pressure-lb-max

Final Steaming
Temp.-deg F-max
Duration-hr-max

220
200

21*5

3L

220
150

2US
2_

RESULTS OF TREATMENT

Retention-lb per ou ft-min
Creosote and creosote solution

Creosote
Creosote-coal tar
Creosote-petroleum

Oil-borne preservatives
Pentachlorophenol

Water-borne preservatives
ACA
ACC
CCA

CZC
CuCZA
FCAP

Penetration in inches or
percent of sapwood-min

Determination of penetration

General Use

6
6

7

O.I4.O

o.5o
0.1|0

0.75
o.5li-

0.32

2 or 85

A borer core shall be taken from
20 pieces in eadi charge. If 80
percent of borings meet the pene-
tration requirements, the charge
shall be accepted

General Use

6
6

7

0.U0
0.50
0.1;0

0.75
o.5k
0.32

1.5 or 85

A borer core shall be taken from
20 pieces in each charge. If 80
percent of borings meet the pene-
tration requirements, the charge
shall be accepted.

PRESERVATIVES All standard preservatives
listed above.

Air seasoning is the preferred method of conditioning; however, when climatic conditions are
unfavorable or delivery will be delayed because of the conditioning requirements stated above, the
material may be steamed for a total of not more tiian eiciit hours at temperatures not in excess of
2^5° F.
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Table 1 (Cont 'd)--Speclf ic Requirements for Preservative treatment
By Pressure rrocesses

(Posts, Cont'd)

Lodgepole Pine

CONDI TI ON 1 HO Air seasoning or steaming (for
Ice-coated or frozen posts only)
or heating in the preservative
or a combination. «

Air seasoning or steaming (for
Ice-coated or frozen posts only)
or heating in the preservative
or a combination.

#

Steaming
Temp.deg F-mln

max
Duratlon-hr-mln

max

Vacuum
Inches at sea le
Duration-hr-min

max

Heating In preserv
Temp.-deg F-max
Duration-hr-max

21^0

"~3

22

2

21+0

"I

22
h

Expansion bath
Temp • -deg-F-max
Pressure-lb-max

Flnal Steaming
Temp.-deg F-max
Duration-hr-max

220
150

2U5
3_

RESULTS OF TREATMENT

Retention-lb per cu ft-mln
Sample zone for Assay

Inches from surface
Number of borings

Creosote and creosote solutions
Creosote
Creosote-coal tar
Creosote-petroleum

Oil-borne preservatives
Fentachlorophenol

Water-borne preservatives
ACA
ACC
CCA

czc
CuCZA
FCAp

Penetration in Inches or
percent of aapwood-mln

Determination of penetration

General Use

0.0 - 1.0"
30

0.1*0

0.50
0J;0

0.75
o.5lk
0.32

1.25 or 85

A borer core shall be taken from
20 pieces in each charge. If 80
percent of borings meet the pene-
tration requirement, the charge
shallbe accepted

220
150

21+5

3_

0.0 - 1.0"
30

o.Uo
o.5o
O.l+O

0.75
o.5U
0.32

2 or 85

A borer core shall be taken from
20 pieces in each charge. If 80
percent of borings meet the pene-
tration requirement, the charge
shall be accepted.

PRESERVATIVES All standard preserv
listed above.

tlves All Standard preservatives
listed above.

* Air seasoning is the preferred method of conditioning; however, when climatic conditions are

unfavorable or delivery will be delayed because of the conditioning requirements stated above,

the material may be steamed for a total of not more than eight hours at temperatures no\; In

excess of 21J.5 P.
** All borings for use in the extraction sample shall have at least 1.0 of sapwood. "orings from

posts having less than 1.0" of sapwood shall be discarded. t>ori ng3 for assay shall be taken from

the approximate midpoint of the posts, and shall be representative of various size posts In charge.
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Table 1 (Cont 'd)—Speolfic Requirements for Preservative '''reatment
By Pressure Processes

(Posts, Cont'd)

Pacirlc Coast
Douglas Fir

CONDITIONING Air seasoning or steaming (with
salt treatments only) or heating
in the preservative or a combina-
tion.

Steaming
Temp.-deg F-min

max
Durat ion-hr-min

max

21*0

~~6

vacuum
Inches at sea level-rain
Duratlon-hr-min

max

Heating In preservative
Temp.-deg ^-max
Duration-hr-max

22

Seasoned; 210 and 6 hr»
Green or partially seasoned;
220 and no time limit.

Expansion bath
Temp.-deg p-max
Pres sure-lb-max

Pinal Steaming
Temp.-deg F-max
Duration-hr-max

220
ISO

2^0
2_

RESULTS OF TREATMENT

Retention-lb per cu ft-min
Sample zone for Assay

Inches from surface
Number of borings

Creosote and creosote 3d lutio
Creosote
Creosote-coal tar
Creosote-petroleum

011-borne preservatives
Pentachlorophenol

Water-borne preservatives
ACA
AC0
CCA

czc
CuCZA
FCAP

Penetration in Inches or
percent of sapwood-mln

Determination of penetration

General Use

0.0 - 1.0"
30

6
6

7

0.1*0

0.50
o'.to

0.75
0.50
0.32

7$% of sapwood

A borer core shall be taken frott
20 pieces in each charge. If 8C
percent of borings meet the pene
tratlon requirement, the charge
shall be accepted.

PRESERVATIVES All standard preservatives
listed above.
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Table 1 (Cont 'd)---Specif 1c Requirements for Preservative Treatment
By Pressure Processes

(Cross Ties and Switch Ti G3 )

Southern Pine
Ponderosa Pine

Jack Pine, Red Pine
Lodp;opolo Pine

CONDITIONING

Steaming
Temp. -de g F-max
Dura t i on-hr-max

Vacuum
Inches at sea level-min

Heating in preservative
Temp.-deg F-mex

Air seasoning, accelerated air-
seasoning* steaming, or heating
in the preservative or a combin-
ation.

2hi18

Incising

TREATMENT

Creosote-type preservatives

Pressure-psi-max

220

Npt^ required

Empty-cell

200

Air seasoning, accelerated air-
seas aninr, steaming, or heating
in the preservative or a combina-
tion.

2^0

210

Required

^mpty-coll

125

RSSUITS OF TREATMENT

Retention-lb per cu ft-min
Creooote-type preservatives

Creosote
Creosote-coal tar
Creosote-petroleum

011-borne preservatives
Pen tachlorophenol

Penetration in inches or
percent of eapwood-mir.

Determination of penetration

o.5o

2.5 or 8?^

A borer core sha 11 be taken
from the center of 20 ties
in each charge. If 90$ of
the cores meet the penetration
requirements, the charge
shall be accepted.

o.5o

0.50" 90>

A borer core shall be taken
from the center of 20 ties
In each charge. If 80'X of the
cores meet the penetration
requirements, the charge shall
be accepted.
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Table 1 (Cont'd—Specific Requirements for Preservative Treatment
By Presa: re Processes

(Cross Ties and Switch Tl s, Cont'd)

AREA—TC—Gums AREA—TD

CONDITIONING

Steaming
Temp.-deg F-majc
Duration-hr-max

Vacuum
Inches at sea level-mln

Heating In preservative
Temp.-deg F-meJC

Incislnr*

Air seasoning, accelerated air
seasoning, steaming, or heating
In the preservative or a combln

ZkO
6

220

Not required

Air ilng, accelerated air
seasoning, or heating In the
preservative or a combination.
Vapor drying

Not permitted

220

Not required

TREATMENT

Creosote-type preservatives

Pressure-psi-max

Empty-cell

200

Empty-cell

200

RESULTS OP TREATMENT

Retention-lb per cu ft-mln
Creosote-type preservatives

Creosote
Creosote-coal tar
Creosote-petroleum

Oil-borne preservatives
Pentachlorophenol

Penetration In Inches or
percent of sapwood-min

Determination of penetration

1.5" or 75%

A borer core shall be taken
from the center of 20 ties
in each chars© • If 80i» of
the cores meet the penetration
requirements, the charge shall be
accepted*

.us

95# of sapwood

A borer core shall be taken
from the center of 20 ties
in each charge. If 80/b of
the cores meet the penetration
requirements, the charge shall
be accepted*
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Table 1 (Cont ! d)—Specific Requirements for Preservative Treatment
By Pressure Processes

(Cross Ties and Switch Ties, Cont'd)

;on: iti "iiiiia

Heating in preservative
Temp.-deg F-majc

Incisir

Pacific Coast Uouglas Fir
Intermuuntain Douglas ^'ir

Western Henlock
Western Larch Oaks

Air a

seasc
prese

aonin-, accelerated air
ng, or heating in the
ative or a combination.

Not Pormittod

210

Requir

vapor drying.

Air seasoning, accelerated air
seasoning, or heating in the
preservative or a combination.

Mot Permitted

220

Not required

TREATMENT

Creosote-type preservatives

Prossure-psi-nax

RESULT.S OP TREAT :,.:?

Retention-lb per cu ft-min
Creosote-type preservatives

Creosote
Creosote-coal tar
Creosote-petroleum

Oil-borne preservatives
Pentachlorophenol

Penetration In Inches or
percent of sapwood-min

Determination of penetration

Empty or full-cell.

1£0

Empty or full-cell

200

o.Uo

0.5" and 90/»

Intermountain Douglas fir-
90# of sepwood.

A borer core shall be taken
from the center of 20 ties
In each charge. If Q0% of the
cores meet tue penetration re-
quirements, the charge shall be
acoep tedp

Red Oak
7
7
7

0.35

White Oak
Refusal
Refusal
Refusal

White oak- 99/° of sapwood.
Red oak-65^ of annual rings;
charges of recalcitrant wood
with less penetration may be
accepted if vood is conditioned
properly before treatment and
treatment is cont inued to
refusal,

A borer core shall be taken
from the center of 20 ties
in each charge. If the aver-
age penetration of the 20
cores meet the penetration require-
ment3, the charge shall be accepted
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Table 1 (Cont 'd)—-Specific Requirements for Preservative Treatment
By Pressure Processes

(Glued Laiiinated Timbers)

Southern Pine
Pacific Coast
Douglas Fir

CONDITIONING Since glued laminated timbers
are made of preconditioned
material, no seasoning before
treatment is necessary*

Since glued laminated timbers
are made of preconditioned
material, no seasoning before
treatment Is necessary.

Vacuum
Inches at aea level-min
Du ra t i on-hr-min

max

Heating in preservative
Temp.-deg P-max
Duration-hr-max

Not required

22
h

Expansion bath
Temp,-deg F-max
Pressure-lb max



Manual Recommendations

Committee 8—Concrete Structures and Foundations

Report on Assignment B

Revision of Manual

R. J. Brueske (chairman, subcommittee), D. H. Dowe, T. L. Fuller, F. A. Kempe,
L. M. Morris, C. H. Splitstone, J. R. Williams, W. R. Wilson.

Your committee submits for adoption the following recommendations with

respect to Chapter 8 of the Manual:

Pages 8-1-1 to 8-1-32, incl.

SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE
RAILROAD BRIDGES AND OTHER STRUCTURES

On page 8-1-3, add "I. Hard Rock Aggregates" as a subheading immediately

following the heading, "C. Aggregates."

Immediately following Art. 12. Cyclopian Aggregate, on page 8-1-8, add the

following New Sec. II. Lightweight Aggregates for Structural Concrete.

II. LIGHTWEIGHT AGGREGATE FOR STRUCTURAL CONCRETE

1. Purpose

These specifications are intended to be used in connection with the American

Railway Engineering Association or when called for on plans or specifications or

when directed by the engineer for work carried out by the railroad or railway com-

panies or by contractors for the railroad or railway companies. These specifications

shall apply to all sections of the specifications with equal force.

2. Scope

This specification covers lightweight aggregates intended for use in structural

concrete in which prime considerations are durability, lightness in weight and com-

pressive strength of the concrete. Procedures covered in this specification are not

intended for job control of concrete.

Note 1—The values stated in the U. S. customary units are to be regarded as

the standard. The metric equivalents of U. S. customary units given in the standard

may be approximate.

Note 2—Aggregates for use in concrete for such purposes as fireproofing and

fill, and for concrete constructions, the use of which is based upon load tests and

not conventional design procedures, are not covered by this specification.

3. General Characteristics

This specification shall be limited to those lightweight aggregates which are

manufactured by the rotary kiln method and further shall cover only those sizes

shown in Table 1.

465
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a. The grading shall conform to the requirements shown in Table 1.

Table 1

—

Grading Requirements for Lightweight Aggregates for Structural
Concrete—Percentages (by Weight) Passing Sieves Having Sqaure Openings

Size
Designation
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Note 3—Certain processed aggregates may be hydraulic in character,

and may be partially hydrated during production; if so, the quality oj

the product is not reduced thereby. Other aggregates may in tlieir natural

states contain innocuous carbonates or water of crystallization, which will

contribute to tlie loss on ignition. Therefore, consideration should be given

to the type of material when evaluating the product in terms of ignition

loss.

7. Concrete Making Properties

Concrete specimens containing lightweight aggregate under test shall meet the

following requirements:

a. Strengths and Unit Weights—It shall be possible to produce structural

concrete using the lightweight aggregates under test such that from the

same batch of concrete one or more of the compressive strength require-

ments and the splitting tensile strength requirement in the following table

will be satisfied without exceeding the corresponding unit weight values.

b. Fine aggregate shall be restricted to clean naturally occurring sand or fines

manufactured from naturally occurring mineral rocks, meeting requirements

of ASTM C 33. The use of pit run sand materials or lightweight aggregate

fines is prohibited.

c. The compressive strength and unit weight shall be the average of the three

specimens and the splitting tensile strength shall be the average of eight

specimens in accordance with the procedures outlined in ASTM C 330.

Intermediate values for strength and corresponding unit weight may be

established by interpolation.

d. The minimum average unit weight shall not be less than 105 lb per cu

ft, air dry unit weight.

Table 2

Average 28-day
Splitting Average 28-day

Average Unit Tensile Compressive
Weight Strength, min. Strength, min.

lb/ft kg/mr psi kgf/cm2
psi kgf/cm2

115 1840 290 20 4000 or 280 or

more more
110 1760 290 20 3000 210

Note—Materials that do not meet the minimum average splitting tensile strength

requirement may be used, provided the design is modified to compensate for the

lower value.

e. Drying Shrinkage—The drying shrinkage of concrete specimens prepared

and tested in accordance with Paragraph 9-d shall not exceed 0.07 percent.

f. Popouts—Concrete specimens prepared and tested in accordance with

Paragraph 9-e shall show no surface popouts.

g. Durability—In absense of a proven record of satisfactory durability in

structural concrete a freezing and thawing test shall be conducted as

outlined in Appendix A. Weighted loss thus determined shall not exceed
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7 percent maximum. Loss of individual gradation size sample shall not

exceed 14 percent of that size,

h. A magnesium sulfate soundness test shall he conducted for 10 cycles in

accordance with ASTM C 88-69. Weighted loss thus determined shall not

exceed 15 percent maximum. Loss of individual gradation size shall not

exceed 20 percent of that size.

8. Methods of Sampling and Test for Aggregate Properties

Sample lightweight aggregates and determine the properties enumerated in

this specification in accordance with the following methods:

a. Sampling—ASTM Method D 75, Sampling Stone, Slag, Gravel, Sand and

Stone Block for use as Highway Materials.

b. Grading—ASTM Method C 136, Test for Sieve or Screen Analysis of Fine

and Coarse Aggregates, except that the weight of the test sample for fine

aggregate shall be in accordance with Table 3, and the aggregate when
mechanically sieved shall be sieved for only five minutes. The test sample

for coarse aggregate shall consist of 0.1 ft
3 (2800 cm3

) or more of the

material used for the determination of unit weight.

c. Unit Weight (Loose)—ASTM Method C 29, Test for Unit Weight of

Aggregate utilizing the shoveling procedure described in Section 7 of

Method C 29 except that the aggregate shall be tested in an oven-dry

condition.

d. Organic Impurities—ASTM Method C 40, Test for Organic Impurities

in Sands for Concrete.

e. Fineness Modulus—ASTM Definitions C 125, Terms Relating to Concrete

and Concrete Aggregates.

f. Friable Particles in Aggregates—ASTM Method C 142, Test for Friable

Particles in Aggregates.

g. Loss on Ignition—ASTM Methods C 114, Chemical Analysis of Hydraulic

Cement.

h. Chemical Analysis of Hydraulic Cement.

i. Staining Materials—ASTM Method C 641, Test for Staining Materials in

Lightweight Concrete Aggregates.

9. Methods of Test for Concrete-Making Properties

Determine the concrete-making properties of lightweight aggregates in accord-

ance with the following methods, using the same proportions of materials as is

proposed for use, and using three specimens for each type of test:

a. Compressive Strength—ASTM Method C 39, Test for Compressive Strength

of Molded Concrete Cylinders. Make test specimens in accordance with

ASTM Method C 192, Making and Curing Concrete Test Specimens in

the Laboratory, with the following exception:

At the age of 7 days, remove the specimens from the moist room and
store in a temperature of 73.4 ± 2 F (23 ± 1.1 C) and a relative

humidity of 50 ± 2 percent until time of test

b. Making and Curing Concrete Test Specimens in the Laboratory, and test

in accordance with ASTM Method C 496, Test for Splitting Tensile

Strength of Cylindrical Concrete Specimens, with the following exception:
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At the age of 7 days, remove the specimens from the moist room and store

at a temperature of 73.4 ± 2 F (23 ± 1.1 C) and a relative humidity

of 50 ± 4 percent until time of test.

c. Unit Weight of Concrete—ASTM Method C 567, Test for Unit Weight

of Structural Lightweight Concrete, using the procedures as shown in

Section 5a and 5b.

d. Shrinkage of Concrete—ASTM Method C 157, Test for Length Change

of Cement Mortar and Concrete, with the following exceptions:

Prepare the concrete mix in the proportions of one part of portland cement

to six parts of combined aggregates, measured by dry loose volume. Adjust

the water content so as to produce a slump of 2 to 3 in (5 to 8 cm) and

thoroughly consolidate the concrete in steel molds 2 by 2 by 11/4 in (50 by

50 by 286 mm) for aggregates having & in (12.7 mm) or less maximum
size designation. The surface of the concrete shall be steel-troweled.

Cure the test specimens as prescribed for the compression test specimens

in b. Make initial length measurements immediately after removal of

specimens from moist storage. Make subsequent measurements at 28 and

100 days.

Calculate the difference in length of die specimens, when removed from

moist storage at the age of 7 days and at the final measurement at the age

of 100 days, to the nearest 0.01 percent of the effective gage length, and

report as the drying shrinkage of the specimen. Report die average drying

shrinkage of the concrete.

e. Test for Popout Materials—Prepare concrete specimens for the test for

popout materials, in section d. Cure and autoclave die specimens in accord-

ance with ASTM Mediods C 151, Test for Autoclave Expansion of Portland

Cement. Visually inspect the Autoclaved specimens for the number of

popouts that have developed on the surface. Report the average number

of popouts per specimen.

f. Freezing and Thawing—Make freezing and thawing tests of concrete when

required in accordance with one of the following methods: ASTM C
666-71, Test for Resistance of Concrete Specimens to Rapid Freezing and

Thawing in Water or test for Resistance of Concrete Specimens to Rapid

Freezing in Air and Thawing in Water.

APPENDIX A

COARSE AGGREGATE FREEZE—THAW TEST

1. Scope

This method of test describes a procedure to be followed in testing synthetic

coarse aggregate to determine its resistance to disintegration by freezing and thaw-

ing. It furnishes information helpful in judging the soundness of aggregates subjected

to weathering action.

2. Apparatus

The apparatus shall consist of the following:

1. The Freezing Chamber—The freezing chamber shall be any commercial-

type freezer of suitable dimensions and shall be capable of maintaining

a constant temperature of —10 C or lower.
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2. Trays and Containers—Shallow metal trays approximately 2 in. in depth

and of suitable dimensions to contain the aggregate sample in a single

layer.

3. Sieves—Sizes % in, Yi in, % in, and No. 4 conforming to the Specifications

for Sieves for Testing Purposes (ASTM Designation E 11).

4. Balance—With a capacity of 1000 g and accurate within 0.1 percent of

the test load at any point within the range of use and sensitive to 0.1 g.

5. Drying Oven—The drying oven shall provide a free circulation of air

through the oven and shall be capable of maintaining a temperature of

230 F.

Sample:

The graded coarse aggregate for the test shall be separated into the different

sizes as follows:

Passing %-in sieve, retained on /2-in sieve—100 particles.

Passing /2-in sieve, retained on %-in sieve—200 particles.

Passing %-in sieve, retained on No. 4 sieve—300 particles.

Preparation of the Sample:

The sample, consisting of the three fractions listed above, shall be thoroughly

washed and dried to constant weight at 230 F

3. Procedure

1. The oven-dry weight of each fraction of the prepared sample shall be ob-

tained to the nearest estimated 0.1 g.

2. Each fraction of the sample shall then be placed in a separate tray, and

enough distilled water shall be added to each tray to adjust the water level to approxi-

mately three-fourths of the average stone depth.

3. The trays shall be immediately placed in the freezing chamber and allowed to

remain there until the water is completely frozen (about two hours)

4. The trays containing the sample shall be removed from the freezing chamber

and allowed to thaw at room temperature until no ice is evident in the water.

Distilled water shall be added to each tray when required to maintain the proper

water level.

5. Steps 3 and 4 shall be repeated until 50 cycles have been obtained. One
cycle shall be defined as one series of freezing and thawing.

6. After 50 cycles, the sample (remaining in the trays) shall be dried to a

constant weight at 230 F.

7. The oven-dry fraction in each tray shall be passed over the same sieve used

in the original separation and the weight retained on each sieve obtained to the

nearest estimated 0.1 g. The number of particles retained on sieve shall also be ob-

tained for qualitative examination.

4. Report

The report shall include the following data:

1. Weight and number of each fraction of each sample before test.

2. Weight and number of each fraction of each sample after test.

3. The percentage loss of each fraction of each sample as a percent of the

original dry weight.
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4. Weighted average calculated from the percent loss for each fraction,

based on the grading of the sample received for examination or, prefer-

ably on the average grading of the material from that portion of the supply

of which the sample is representative.

NOTE—The sieve used to separate the original fractions for test must

be the identical sieve used to examine the same fractions after the test.

This is necessary since sieve sizes include a tolerance in mesh openings.

For example, all sieves of a given size, say % in, do not have exactly the

same size opening. The ASTM tolerance between different sieves of the

same size cannot be accepted in this test

Sieve Size

%-% in

%-% in

% in-No. 4

Total

Typical Example of Recording Test Results

Grading of

Original
Sample
Percent
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SPECIFICATIONS FOR DESIGN AND CONSTRUCTION
OF REINFORCED CONCRETE BOX CULVERTS

A. GENERAL
1. Definition

A box culvert is a structure which forms one or more rectangular openings

through an embankment.

2. Types

This specification covers only culverts supported on natural foundations.

Culverts may have one, two, or more openings, but this specification covers

only single and double box culverts.

Culverts of this type are used principally for waterways, but may also be used

as pedestrian and livestock underpasses, and for other purposes.

3. Size

The size of the opening or openings shall be determined in accordance with

the purpose for which the structure is to be used.

The size designation of the opening indicates first the width in feet allowed

by the height in feet.

4. Field Information

The selection of type and size of culvert depends on specific field conditions.

The following information is considered essential for most installations:

a. Drainage area.

b. Run-off characteristics.

c. High water elevation or other limiting conditions.

d. Distance from base of rail to flow line.

e. Minimum distance from base of rail to top of culvert.

f. Embankment slopes and subgrade widths.

g. Number and spacing of tracks,

h. Grade and flow line of floor.

i. Skew angle.

j. Character of the foundation material as determined by exploration methods

described in Part 1, Chapter 1.

B. DESIGN PRINCIPLES

1. General

Specifications for Design of Plain and Reinforced Concrete Members as pre-

scribed in Part 2, this Chapter, shall govern except as described herein.

2. Assumptions

The design shall be based on the floor, slab and walls acting as a continuous

frame with the positive and negative bending moments determined by an acceptable
method of calculation.
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3. Design Loads

The following loads shall be used in the design of box culverts supporting track:

a. Dead load.

b. Live load.

c. Impact.

The uniformly distributed loads per square foot to the top of the box for vari-

ous depths of fill are shown on Fig. 2.

4. Dead Load

The dead load shall consist of the estimated weight of the track, fill and top

slab of the structure distributed to the culvert as shown on Fig. 1.

The minimum lateral pressure on the sides of the box shall be based on an

assumed earth pressure coefficient of 0.4 and the maximum lateral pressure shall be

based on an assumed earth pressure coefficient of 1.0. A lower minimum coefficient

may be used if actual conditions justify. The lateral pressures shown on each side

of the box shall be assumed uniformly distributed over the entire height, equal and

opposite in direction. The design equations shown in Fig. 1 assume that the lateral

pressures are uniformly distributed over the entire height. If a more exact distribu-

tion is to be used, a more rigorous analysis is required.

5. Live Load

The recommended live load for each track is Cooper E 80. The distribution of

the live load to the culvert shall be in accordance with Fig. 1.

No increase in load shall be used for multiple track loadings. The live load will

be assumed to increase the lateral pressure on the sides of the box due to a surcharge

load in accordance with Fig. 1. The lateral pressure from such surcharge load shall

be calculated, using an assumed earth pressure coefficient of 0.4, or lower if actual

conditions justify.

6. Impact

To the axle load specified there shall be added impact forces as shown in Fig. 1,

They shall be distributed the same as the live load.

No impact shall be added to the lateral forces on the sides of the box.

7. Other Forces

In general, centrifugal forces, wind force and longitudinal force resulting from

starting and stopping of trains need not be considered.

C. DETAILS OF DESIGN

1. General

The drawings shall show in detail all elements of the construction, dimensions,

spacing and size of reinforcement, construction and expansion joints, waterproofing,

drainage and maximum foundation pressure.

When it is anticipated that a large number of culverts in various sizes and

depths of fill will be built, standardization of design and detail is recommended.
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2. Wingwalls

The wingwalls shall be of such slope and length as to retain the embankment

and maintain the culvert opening.

The wingwalls may be straight or flared as local conditions require.

3. Barrel and Apron

In general, the same barrel section shall be used throughout, except under very

deep fills where a reduced barrel section may be used toward the ends of the box.

Consideration should be given to the construction of future tracks.

The length of die apron is determined the same as for the wingwalls.

The floor of the barrel and apron may be sloped toward the center.

Cutoff walls shall be used at inlet and outlet ends of a depth consistent with

the field conditions.

D. CONSTRUCTION

1. Joints

If construction joints are used they shall be located as shown on the drawings

and formed as prescribed in Part 1, this Chapter.

In long culverts, or culverts under high fills, consideration should be given to

the placement of joints to provide for possible vertical and longitudinal movements.

If joints are used, the first joint preferably shall be not less than 10 ft from the end

of the barrel. Joints should not be placed in regions of maximum load.

Premolded bituminous filler at least Yi in tiiick may be used at joints.

2. Drainage

The installation of pipe drains in the backfill adjacent to the side walls will not

normally be required, but shall be provided in special cases when necessary. Hori-

zontal drain pipes, if used, shall be perforated, shall be not less than 8 in diameter

and shall be installed in such a position that they will function properly for ultimate

disposal in accordance with the local requirements. Provision shall be made for

cleaning.

The surface of the top slab in contact with the backfill may be sloped )i in per

ft for drainage toward the side walls.

3. Waterproofing or Dampproofing

The surfaces in contact with the backfill preferably shall be dampproofed in

accordance with the principles contained in Chapter 29.

If culverts are to be used for other than waterways, special provision may be

made for waterproofing at joints by the use of a non-corrosive water stop and a

waterproofing membrane in accordance with the specifications therefor contained
in Chapter 29.

4. Backfilling

The backfill shall be placed alternately on each side of the box and deposited
in layers not more than 12 in thick. The layers shall be horizontal or sloping away
from the structure, with each layer carefully tamped. The best available material
shall be used, and wet or impervious materials shall not be used. Overcompaction
must be avoided.
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Report on Assignment 4

Waterproofing for Railway Structures

J. M. Williams (clwirman, subcommittee), E. R. Blewitt, H. C. Brown, W. P.

Hendrix, H. W. Hopkins, A. K. Howe, J. R. Iwinski, L. Lange, Jr., M. Pdcar-
sky, H. D. Reilly, E. E. Runde, R. G. Stilling, E. Watson, Jr.

Your committee submits for adoption the following recommendations with

respect to Chapter 29 of the Manual.

Pages 29-2-1 to 29-2-14, incl.

SPECIFICATIONS FOR MEMBRANE WATERPROOFING

On page 29-2-2, after 3, Type E, add: "F. Rubberized asphalt and plastic

film membrane."

On page 29-2-2, B. Materials, 3. Membrane, change 3. Membrane to 3. Mem-
branes.

On page 29-2-3, after h. Butyl Gum Tape add:

i. Rubberized Asphalt and Plastic-Film Membrane

Rubberized asphalt and plastic-film membrane shall consist of a preformed

rubberized asphalt and plastic film with primer and cold applied rubberized asphalt

mastic.

1. Performance Requirements, Properties

Requirements

Membrane 0.060 in thick, min.

Permeance-Perms (grains/sq ft/hr/

in hg) 0.1 max.

Water Absorption—72 hrs (% by

wt.)

Accelerated aging—400 hr min.

Exposure to fungi in soil—16

weeks

9.25% max.

no deterioration

unaffected

Pliability—180° bend over &-in

mandrel—35°F unaffected

Peel Adhesion —7 days dry

+7 days @ 120°F

+7 days dry (lb/

in width) 5.0 min.

Peel Adhesion —7 days dry

+7 days @ 120°F

+7 days water

immersion (lb/in

width) 5.0 min.

Test Method

ASTM E 96, Method B

ASTM D 1228

ASTM D 822 &
ASTM E 42

(procedure 4f)

GSA-PBS-40711

( spec.

)

ASTM D 146

TT-S-00230 Modified

TT-S-00230 Modified
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Crack bridging on application (in.) 3/16

Cycling over crack at —35°F

(crack opened and closed from 100 cycles min. TT-S-00230 Modified

to %.") & TT-S-227 Modified

Puncture Resistance (lb) 40 min. ASTM E 154

2. Certification

Manufacturer shall furnish certification that materials meet specification

requirements.

3. Samples

A square foot sample shall be furnished for testing, when required, for each

2000 sq ft of membrane to be supplied.

On page 29-2-8, delete third paragraph "Surfaces to be protected . .
."

On page 29-2-9, delete the words "Bitumen or" in paragraph (2). On page

29-2-9 after paragraph (6) add:

c. Rubberized AspJialt and Plastic-Film Membrane

1. Surface Preparation

All concrete or masonry surfaces shall be cured for a minimum of seven days

and shall be surface dry. Surfaces shall be broom cleaned, shall be free of voids,

loose aggregate, sharp protrusions, form release agents or other contaminants.

Horizontal concrete or masonry surfaces shall be wood float finished.

All concrete or masonry surfaces shall be primed with manufacturer's recom-

mended primer, applied by brush or roller at the rate of 250 to 350 sq ft per gal.

Primer shall be dried one hour or until tack free. Primed surfaces not covered

within 36 hours shall be reprimed. Dense surfaces such as metal shall not be primed,

but shall be clean, dry and free of grease, oil, dust, or other contaminants. Wood
shall be primed.

2. Application Procedures

All corners shall be double-covered with a double layer of membrane by apply-

ing an initial 12-in strip centered along the axis of the corner. A cant strip shall be

used on interior corners. Exterior corners shall be chamfered or rounded.

Construction and control joints shall be double covered with membrane. Prior

to waterproofing over expansion joints, a minimum 12 in wide galvanized 16 gage

steel plate shall be placed and centered on the joint, then an inverted strip of mem-
brane (plastic side down) 4 in wider shall be centered on the galvanized plate.

This should then be covered over with a full width of membrane, centered on the

joint.

The perimeter of the membrane placed in any day's operation and all outside

edges of membrane shall have a trowelled bead of cold applied rubberized asphalt

mastic applied after the membrane is placed.

Areas around drains, posts, bolts, or other protrusions shall have a double layer

of membrane and shall be liberally coated with mastic adjacent to seams and pro-

trusions after application of the membrane.
Immediately before covering die membrane, a careful inspection shall be made

and any ruptures, misaligned seams or other discontinuities shall be patched with

membrane.

On page 29-2-10 after 2. Butyl Rubber membrane add: and Asphaltic Rubber
and Plastic Film Membrane.
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Committee A—Rail

Report on Assignment B

Revision of Manual

R. M. Bbown (chairman, subcommittee), R. E. Catlett, Jr., J. T. Colllnson,
R. G. Garland. V. E. Hall, A. V. Johnston, R. R. Lawton, A. B. Merritt,
Jr., J. B. Miller, R. B. Rhode, C. E. Weller, H. M. Williamson.

Your committee submits for adoption the following recommendations with

respect to Chapter 4 of the Manual:

Pages 4-2-1 to 4-2-6.1, incl.

SPECIFICATIONS FOR STEEL RAILS

On page 4-2-5, under Art. 12. Workmanship, change paragraph 12.1 to read

as follows:

"12.1 Rails shall be straightened cold in a press or roller machine to remove

twists, waves, and kinks until they meet the surface and line requirements specified,

as determined by visual inspection."

Change paragraph 12.3 to read as follows:

"12.3 The uniform surface upsweep at the rail ends shall not exceed a maxi-

mum ordinate of 0.025 inch in 3 ft and the 0.025 inch maximum ordinate shall not

occur at a point closer than 18 inches from the rail end."

Change paragraph 12.5 to read as follows:

"12.5 Sharp deviations from uniform lateral (horizontal) line in either direc-

tion shall not be acceptable. Deviations of the lateral (horizontal) line in either

direction at the rail ends shall not exceed a maximum ordinate of 0.030 inch in

3 ft and the 0.030 inch maximum ordinate shall not occur at a point closer than

18 inches from the rail end."

Add at the end of Art. 12 the accompanying drawing (see next page) entitled

"Tolerances for Inspection of Rail."
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TOLERANCES FOR INSPECTION OF RAIL

39!-

II MAX.

T

ELEVATION OF RAIL

UNIFORM UPSWEEP TOLERANCE PER SECTION 12.2

t
ELEVATION OF RAIL

UNIFORM UPSWEEP TOLERANCE AT RAIL ENDS PER SECTION 12.3

c

"\max.

TOP VIEW OF RAIL

LATERAL {HORIZONTAL; LINE TOLERANCE

AT RAIL ENDS PER SECTION 12.5
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Your committee submits for adoption and publication in Miscellaneous Part

of Chapter 4 of die Manual the following specifications for heat-treated steel tee

rails as produced by the United States Steel Corporation and the Bethlehem Steel

Corporation, respectively, along with suggested techniques for electric arc welding

to repair heat-treated rail produced by these companies.

SPECIFICATIONS FOR HEAT-TREATED CARBON STEEL TEE RAILS
(USS CURVEMASTER) AS PRODUCED BY THE UNITED

STATES STEEL CORPORATION

1. Scope

These specifications cover heat treated carbon steel standard tee rails.

2. Classification of Rails for Heat Treatment

2.1 Heat-treated rails shall conform to the latest issue of American Railway

Engineering Association Specifications for Steel Rails.

Heat treated rails are furnished to the following classes.

Class 1—Standard length: No. 1 rails, "A" rails, No. 2 rails, also shorts devel-

oped subsequent to heat treatment.

Class 2—Standard length: No. 1 rails. Purchaser to provide order for non-

heat-treated "A" rails, No. 2 rails and shorts.

Class 3—Standard length: No. 1 rails.

The class desired should be specified by the purchaser on each inquiry, order,

or contract.

3. Heat Treatment

The rail head shall be electrically heated with an induction coil to a tempera-

ture to effect the desired transformation, then quenched with compressed air. The
heat treated portion shall include die top and sides of die rail head.

4. Testing

4.1.1 Testing Procedure

A Brinell hardness test shall be made on the side of the rail head, after decar-

burized metal has been removed, to permit an accurate determination of hardness.

The results of such tests shall conform to the requirements of Paragraph 4.1.2.

4.1.2 Brinell Hardness

Heat-treated carbon steel rails shall be tested in accordance with Paragraph

4.1.1 and shall be within die hardness range of 321/388 BHN.

4.1.3 Number of Tests

Each individual heat-treated rail shall be hardness-tested at two locations, one

each end, as described in Paragraph 4.1.1. Upon request, results of the Brinell hard-

ness tests (two per operating turn) shall be furnished to the purchaser or his

representative.

4.2.1 Hardness Pattern Requirement

The hardness pattern shall conform to die following:

Bui. 645
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CO-321 min. BHN at 4/16" aim 6/16"

BO & DO-321 min. BHN at 9/16" aim 11/16"

AO & EO-321 min. BHN at 7/16" aim 9/16"

4.2.2 Number of Hardness Pattern Tests

One test per unit per day.

(Re 1/16" intervals to 10/16")

(Re 1/16" intervals to 12/16")

(Re 1/16" intervals to 10/16")

5. Retreatment

5.1 If a test fails to meet the requirements of 4.1.2 and/or 4.2.1, the rails

represented by this test should be retreated and tested in accordance with Section 4.

6. Marking

6.1 Each heat-treated rail is to be identified with orange paint applied on both

sides of the web and on the top of the head at a location at least 4 ft from one end.

6.2 Classification marking as required by Paragraph 14. Markings, of AREA
Specifications or equivalent shall not apply except when "A" rails, No. 2 rails and

rails in lengths less than 39 ft are specified by the customer to be heat treated; then

Paragraph 14. Markings, shall apply.

ELECTRIC ARC WELDING TO REPAIR SERVICE DAMAGED
USS CURVEMASTER RAILS

General

USS Curvemaster rails are produced from 0.67 to 0.82% carbon steels. Steels in

this carbon range require accurately controlled welding procedures and the work

must be performed by competent operators.

While controlled repair welding may be a means of prolonging service life of

heat-treated rails, it cannot be accomplished without certain undesirable results

affecting the physical properties of the rail. It must be recognized, therefore, that

welding to any extent should not be performed until necessary and only when the

damaged rail cannot be replaced by a new unit.
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Scope

The technique for electric arc repair welding of USS Curvemaster rails

described herein is offered solely as information and U. S. Steel Corp. assumes no

responsibility.

This general procedure is not intended to cover oxyacetylene welding. It is

applicable to electric arc welding for the repair of service-induced damage such as

driver burns, rail end batter, etc., to USS Curvemaster rails.

Procedure

I. Preparation of Area for Welding

Remove all damaged metal from the area to be repaired by grinding to sound

metal prior to welding. Inspect the ground area by the dye penetrant process to

assure that cracks are removed. Rails having more than four wheel burns, and

those in which the cracks extend more than % inch below the top of the rail should

be removed and scrapped.

II. Welding

Shielded Metal Arc Welding Process:

1. Preheating

The area to be welded should be preheated to and maintained at 500° F
minimum, as measured by tempil sticks. This preheating should extend

beyond both ends of the area for welding for a distance of 6 to 8 inches.

The torch should be oscillated at a minimum of 3 inches from the rail

surface to assure a uniform preheat temperature and to prevent over-

heating.

2. Electrodes

(a) Use low-hydrogen electrodes that have been baked at 350° F to

400° F for 4 hours.

(b) Electrodes that have been exposed to atmospheric conditions longer

than 2 hours should be baked at 350° F to 400° F for 4 hours

before using.

(c) Electrodes that have been in contact with water, oil or grease should

not be used.

(d) Electrode Type 3 110XX or higher tensile strength should be used.

(Reid Avery Raco 14016 has been used).

3. Make welds using stringer pass technique. Repair area should be built up

(crowned) with weld metal to about 1/16 inch above the rail surface.

4. Peening

Clean and peen each pass except the last layers of weld metal. Peen hard

enough to leave slight indentations over the entire surface of weld metal.

5. Caution

Do not tack weld, arc strike, or weld on other than the prepared area.

III. Stress Relieving

The completed weld plus at least 12 inches on each side shall be heated to

650° F to 750° F immediately after welding and maintained within this temperature

range for a minimum of one hour.

The stress-relief area should be covered and wrapped securely with asbestos

cloth or equivalent and permitted to cool to below 200 F.
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IV. Grinding

The welded area should be ground to conform to the existing rail surface.

Grinding should be performed when the area temperature is 200° F to 300° F. The

grinding technique should not develop cracking.

V. Inspection

Radiographic, sonic, magnetic particle or dye penetrant inspection should be

done at least 48 hours after cooling

(Caution: Magnetic particle should not be of the electric probe type)

SPECIFICATIONS FOR FULLY-HEAT-TREATED CARBON STEEL TEE
RAILS AS PRODUCED BY BETHLEHEM STEEL CORPORATION

1. Scope

1.1 These specifications cover fully-heat-treated (oil quenched and tempered)

carbon steel tee rails and rail components for fabricated trackwork, in rail weights

of 61 lb per yard and over.

2. Selection of Rails for Treatment

2.1 The rails to be heat-treated shall be selected from heats which have met

all the requirements of the latest specifications of the American Railway Engineering

Association for steel rails. Only No. 1 rails shall be selected; "A" rails and No. 2

rails shall be eliminated.

3. Heat Treatment

3.1 Quenching

The rails selected for heat-treatment shall be heated to the proper temperature

and held for a sufficient time to effect the desired transformation in the steel

throughout the full cross-section and length. The rails shall then be removed from

the heating furnace and quenched (fully immersed) in an oil bath under substan-

tially uniform conditions. Each group thus treated shall be termed a quenching

charge.

3.2 Tempering

Upon completion of the quenching operations, the rails shall be removed from

the oil bath, charged into the tempering furnace and reheated gradually and evenly

to the proper temperature and shall be held at that temperature a sufficient length

of time to relieve the stresses and bring into proper balance the mechanical proper-

ties of the steel. The rail shall then be cooled under controlled conditions. Each
group thus treated shall be termed a tempering charge.

4. Finishing

The treated rails shall be straightened, carefully inspected and loaded for ship-

ment or prepared for fabrication,

5. Testing

5.1 Sampling

A piece of rail at least 6 inches long representing the rails involved shall be

processed with each quenching and tempering charge for use as a test sample.

5.2 Testing Procedure

The Brinell hardness test performed on the test sample shall be made on the

top of the rail head. Before making the impression, any decarburized metal shall
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be removed from the top of the rail head at the point selected, and the surface

of the rail head at that point shall be properly prepared to permit an accurate

determination of hardness. The results of such tests shall conform to the require-

ments of 6.1.

6. Brinell Hardness

6.1 Carbon steel rails and rail components for fabricated trackwork when fully

heat-treated (oil-quenched and tempered) and tested in accordance with 5.1 and

5.2 shall show equivalent Brinell hardness values as follows:

Nominal Weight Per Yard 61-80 81-90 91 and over

Brinell Hardness Number 277-341 293-363 321-388.

6.2 Upon request, results of the Brinell hardness tests shall be supplied to the

purchaser or his representative.

7. Retreatment

7.1 Any heat-treated rails failing to meet the above Brinell hardness require-

ments may be retreated, at the option of the manufacturer, and such retreated rails

shall be retested in accordance with 5.1 and 5.2.

8. Identification

8.1 All heat treated rails shall be marked with the letter "T".

At the option of die manufacturer:

The letters "CT" may be hot-stamped into the web of rails to be heat-

treated, the letter "T" to be properly ground off the web of any rail

which is not subsequently heat-treated; of

The letter "T" may be cold stamped on each of the two end faces of each

heat-treated rail.

8.2 All heat-treated rails shall be paint-marked orange on the head and in the

web at or near each end of each rail.

ELECTRIC ARC REPAIR WELDING OF FULLY-HEAT-TREATED RAILS
AND RAIL COMPONENTS OF FABRICATED TRACKWORK AS

PRODUCED BY BETHLEHEM STEEL CORPORATION

Scope

The ensuing suggested technique for electric arc repair welding of fully-heat-

treated rails and rail components of fabricated trackwork produced by Bethlehem

Steel Corporation, and in service in various types of installations, is offered solely

as information and Bethlehem assumes no responsibility.

Gas repair welding is not recommended due to the extent to which the heat-

treated material is adversely affected by the higher temperatures involved.

The general welding procedures outlined herein are applicable to maintenance

welding such as building-up battered rail ends in jointed track, low or battered butt

welded joint areas in continuous track, and the normally practiced repair of heat-

treated trackwork components in railroad service.

Because of the high carbon content, it must be realized that rail steel can be

successfully welded only if the proper procedure is carefully followed and the

work is performed by competent operators. Further, it must be recognized that
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welding to any extent should not be performed until absolutely necessary. Although

carefully controlled repair welding may extend the service life of track units con-

siderably, it cannot be done without certain undesirable side effects.

The technique described herein may be applied in the welding of heat-treated

or as-rolled rails provided the precautions included under "Electrodes" are

observed.

Procedure

I. Repair Area Preparation

The heavily work-hardened, deformed, spalled, chipped and cracked surface

must be removed to sound metal prior to welding. This may be accomplished by

grinding or torch cutting, with the following precautions:

1. Torch Cutting

Must not be done without first preheating the area as prescribed below.

After torch cutting, all scale and oxides must be removed, preferably by

grinding, prior to welding.

2. Grinding

Must be done carefully so as not to produce grinding cracks. Can be

more safely accomplished if done after preheating. Use of the proper

grinding wheel and speed is important.

II. Preheat

Preheat the repair and adjacent 4 or 5-inch area to approximately 500° F
using a suitable heat source such as an oxy-acetylene or propane torch. Care must

be taken to apply a slow, gradual, soaking type preheat. For best results, the torch

should be oscillated not closer than 3 inches to the surface of the rail. An attempt

should be made to maintain some preheat temperature back from the weld through-

out the welding operation. In areas of considerable build-up, this may call for

repeated applications of heat with the torch, particularly in cold weather.

III. Welding

Welding should proceed immediately after the preheating. It is desirable to

maintain a 500° F interpass temperature back from the weld. Steps must be taken

to safeguard against entrapping foreign material, slag, etc. in the weld. The repair

build-up should proceed until sufficient metal has been deposited to permit grinding

to finish contour.

IV. Posiheat

Postheat the weld area to approximately 700° F immediately after the welding
operation using the same technique outlined for preheating. After postheating, the

weld area must be protected against rain, snow, etc. and cooled as slowly as pos-

sible, preferably by covering with an insulating blanket.

V. Grinding

A heavy-duty grinder will be necessary to remove the excess deposited weld
metal. Grind the area smooth, finishing as closely as practical to the original con-

tour. Care should be exercised not to cause grinding cracks. Use of the proper
grinding wheel and speed is important. It would be best to grind while some
temperature from the previous operations remains in the metal.

VI. Electrodes

Low-hydrogen, high-tensile-type electrodes should be used throughout welds
made on rails. In order to keep the welding heat input to a minimum, it is sug-
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gested that electrodes of the smallest practical diameter worked at the lowest com-

patible current should be utilized. The coating on low-hydrogen-type electrodes

must be thoroughly dry when the electrode is used. Electrodes taken from hermet-

ically sealed packages shall be used within one hour of the time the package is

opened. Those not used within this one-hour period and electrodes taken from non-

hermetically sealed packages shall be dried for at least one hour between 700°

and 800° F before they are used. Electrodes so dried may be stored at temperatures,

between 225° and 400' F until used, or, if not stored and not used within one

hour after this drying is completed, shall be redried before use. Electrodes which

have been wet shall not be used. Purchasing electrodes in 10-lb containers will

minimize moisture control problems.

While there may be other low-hydrogen, high-tensile welding electrodes on

the market which would work satisfactorily for this rail-welding operation, good

results have been obtained with the E 14018 HT electrode currently marketed by

McKay Company. This electrode should prove satisfactory for repair welding of

heat-treated as well as non-heat-treated rails in accordance with the outline pro-

cedure. However, lower strength AWS type E 12018 M electrodes may be used for

non-heat-treated rail repairs.

Additional care must be exercised in welding heat-treated rails and in no

case should the preheat and postheat temperatures specified in this procedure be

greatly exceeded. Excessive heating may have an adverse effect upon the hardness

of the deposited and base metals.
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This is where the world's best quality

rails are made.

And now the best quality rail anchors,too.

All from the same high quality steel.

The new CF&I Hi-Guard rail anchors.
Designed and produced for today's higher

tonnages and speeds. With superior holding

power, tie-bearing capability and stability

under load. Plus re-usable holding power.

Get the full details from CF&I — the quality

steel company that makes products with the
railroads in mind.

We serve you right.

"Patent pending CF&I Steel Corporation
Pllfihlo Cnlnrflrtrt A nnhsiHisn/ of Crane* fnPueblo. Colorado A subsidiary of Crane Co.
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Upgrading Timber Bridges?

can help your timber bridges WfWh
carry heavier loads "(ty
and last longer with minimum repair
This professional Osmose team is cruising one of 202 timber bridges on a

subdivision of a major U.S. Railroad. On completion, specific recommenda-

tions were given the chief engineer to treat, defer or replace, backed up by

detailed boring records. This is one more way Osmose assures you that

maintenance dollars are spent where needed most.,

without cost or obligation to your company.

RAILROAD DIVISION

980 ELLICOTT STREET / BUFFALO. N.Y. M209
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Assure lower maintenance costs, better performance with

Texaco

Railroad Lubricants

and Systematic
Engineering

Service
(texaco]

New York • Atlanta • Chicago • Minneapolis • St. Louis • San Francisco

It's so totally different, it's not

fair to call it another two-way radio.

MICOR Railroad Radio

Built with advanced integrated

circuits for fewer parts, fewer
problems.

Modular construction provides a

64/12 VDC, a 64 VDC, a 12 VDC
or a 117 VAC radio. Simply plug

in the desired power supply
module.

Maintainability is unmatched.
Simple, complete metering, fast

module change-out keeps MICOR
radio profitably on the job.

M) MOTOROLA TOTAL COMMUNICATIONS

For application brochure write, Motorola Communications &
Electronics Inc., 1301 E. Algonquin Rd., Schaumburg, III. 60172
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The Insulating Joint So Rugged

It Nearly Wore Out The ^
Rolling Load

Machine! ^^^^^^

®

OTHER JOHNSON
RAILROAD PRODUCTS

INCLUDE:

Rubber/Nylon

Insulated Tie Plate

Double Seal Traction

Motor Sleeve

tilue"

1/uIcaSond
Here's an insulating joint built from

experience on hundreds of successful

rail installations. Its uniquely formulated

"Blue" compound, bonded to take

the vertical and horizontal stress of

rail traffic, has proven that after

2,000,000 cycles on a 44,400

pound load roll test, it doesn't fail!

For a premium quality joint without

premium cost—one that saves

dollars in installation and maintenance

cost—get the facts about the dependa-

Micarta or

Glass Filled Molded

Polycarbonate End Posts

bility of "Blue" Vulca Bond now.

Write for data

The JOHNSON RUBBER COMPANY
RAILROAD AND MINING PRODUCTS DIVISION

16025 JOHNSON STREET, MIDDLEFIELD, OHIO 44062
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V_,

no matter how
you look at it

there is just

one toilet

that stands alone,

one toilet that

has gained
general acceptance
world wide,
one toilet familiar

to all who have ever
flown in an airplane,

traveled in a bus,
sailed in a boat,

or lived in a
recreational vehicle,

the one chemical
retention toilet

now available,

designed especially

to recognize
the rugged requirements,
for all your
sanitation needs:

locomotive
caboose
work equipment . .

.

the Vapor NEWMATIC* toilet,

the toilet used
by more than 40 railroads**

become more familiar,

write

Transportation Systems Div.

Vapor Corporation
6420 West Howard Street
Chicago, Illinois 60648
In Canada-
Vapor Canada Limited

VAPOR
CORPORATION *TM Monogram Industries, Inc.

transportation svstems division
* *

n ames fu rn ish ed on request

ESCO
Rail Saws—Drills and Anchor Applicators
Rail Testing Equipment
Rail Slotters, Handlers and Tie Plate Lifters

Rail Lubricators

Boutet—Thermit Rail Welds
Cranes—Draglines and Shovels
Tie and Bridge Pads
Grinding Wheels
Hydraulic Testers and Conditioners

Portable Alternators and Light Plants

Diesel Pile Hammers
Welders and Work Gloves
Locomotive and Camp Car Rail-Heads
Camp and Office Field Trailers

ESCO - EQUIPMENT SERVICE COMPANY
80 E. JACKSON BLVD. CHICAGO, ILL. 60604
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TIE HANDLER from RTW...

with 24-foot-reach
articulatingboom!

Lifting capacity-1500 lbs. at 12' 6" to

750 lbs. fully extended.

• New rotating deck design

...no adjustments needed

• Thermostatic controlled

oil temperature in

hydraulic circuit

Low maintenance

Hydrodynamic plus

mechanical brakes,

on all four wheels

Many other features for high production, low maintenance. Choice of two

other tubular-type booms (all interchangeable): Fixed 24-ft.. and manually

adjustable 18-24-ft. From RTW, the people with the longest experience in

tie handling. Get full details today. Call (215) 739-4281.

OTHER RTW MAINTENANCE EQUIPMENT - Switch Grinders - Cross Grinders • Surface Grinders* Rail Drills - Tie Handlers

RAILWAY TRACK-WORK CO. 2560 East Tioga St., Philadelphia, Pa. 19134.

HI 1 ) Agents: Chicago—ESCO Equipment Service Co. Houston—Service Equipment

& Supply Company. Los Angeles—Slmklns Company. Louisville—T. F. Going.

St Louis—R. E. Bell Co. Canada: Montreal—Woodings-Canada Ltd.

RRI
,H»tlTVT§ A
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When You

Consider Performance,

.. Kershaw Comes

First

KERSHAW MFG. CO., INC.
P. O. Box 9328
Montgomery, Ala. 36108 U.S.A.

BALLAST REGULATOR
TRACK PATROL

SHOULDER EXCAVATOR

UNDERCUTTER
YARD CLEANER

TRACK BROOM
TRACK LINER

JACK -ALL

BALLAST CLEANER

KLEAR-WAY BRUSHCUTTER

KLEAR-WAY SNOW BLOWER

TRACK PATROL BRUSHCUTTER

SNOWSWITCH CLEANER

TIE SAW
TIE CRANE
BRIDGE CRANE

TIE BED SCARIFIER INSERTER

TIE INJECTOR

TIE END REMOVER
BRUSH KRIBBER

CRAWLER ADZER

DUAL KRIBBER

DUAL ADZER
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Improved Fair® Rail Anchors

XL-1 Fair® Rail Anchors

Poly-Insulated Rail Joints®

Insulated Poly-Plates®

Portec-Bond® Insulated Rail Joints

Insulated Rail Joints

Standard Rail Joints

Portec Compromise Joints

Portec Rail Joint Insulation Kits

Portec Rail and Flange Lubricators

Mack Switch Point Protectors

For Details Contact:

PORTEC inc.

300 WINDSOR DRIVE
OAK BROOK, ILLINOIS 60521

Telephone: 312-325-6300

In Canada:

PORTEC Ltd.

500 DOMINION SQUARE BLDG.,

MONTREAL, QUE.
Telephone: 514-866-9368

I

inc.
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S e a I t i t e

HOOK
BOLT

Fastens timbers and
ties to steel beams.
Easy to install, long-

life. Fins prevent
turning. Sealtite
Spring Lock holds
tension even when
timber changes due
to weather or wear.

Three more
workhorse

products
from Lewis

. l%

t -, SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on
grade crossings, bridges and docks. Wide,
smooth head seals opening, wears well.

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge
guard rails and general timber construc-
tion. One-piece head. Easy to install.

e LE3TSTIS
BOLT & NUT COMPANY

504 Malcolm Ave. S.E. Minneapolis, Minn. 55414 Phone 6121378-1371
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WELD 60-80
STRAIGHT OR COMPROMISE

JOINTS

DAILY!

THERMIT SELF-PREHEAT
RAIL WELDING

THE MODERN IN-TRACK METHOD
• AUTOMATIC, ERROR-FREE PRE-HEATING AND

TAPPING OF WELD METALS
• EASY, COLD REMOVAL OF RISERS

• MINIMUM GRINDING
• NO EQUIPMENT TO PURCHASE OR LEASE

COMPLETE THERMIT RAIL WELDING DE-

TAILS PLUS JOB-SITE DEMONSTRATIONS.
WRITE OR CALL

THERMEX METALLURGICAL, INC.

LAKEHURST, N. J. 08733 • (201) 657-5781

SALES OFFICES IN MAJOR CITIES
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When you
need one for
the road,
make it

Channeloc.
The True Temper Channeloc" with massive and

unique channel shape provides tremendous grip-

ping power. Its great tensile strength adds years

to service life . . . and saves replacement costs.

Channeloc bar stock is uniformly thick, result-

ing in even heat-treating to avoid softness or

brittleness. The Channeloc design assures ample

rail contact surface for maximum holding power.

"Channeloc is applied easily and quickly with mini-

mum ballast disturbance . . . and can be reapplied

to save your road maintenance budget.

True Temper has produced over two hundred

million Channeloc Rail Anchors. When you need

one, make sure it's Channeloc . . . proven since

1960.

U-Shaped cross section achieves

great tensile strength

Smooth contours avoid creating

high stress points

Rail base contact areas are

smoothly formed and large.

Uniform bar stock

-

can be given a

heat-treatment that

is thorough and
even throughout

the entire metal

Don't settle (or imitations. Only Channeloc is protected by

U.S. Patent Nos. 3.102.690-3.118327-3,159.198

IHS /RUE IEMPER
(SSsSf RAILWAY APPLIANCE DIVISION
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The Allegheny Insulated Rail Joint-

Designed to withstand the heaviest traffic

in welded rail

This modern joint cements rail ends in position and thereafter

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs, it reduces rail and wheel batter

to a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233
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HABCOJ Satisfaction through service

Specialists and manufacturers in the field of vegetation control.

CONTACT CHEMICALS

DACAMINE .

SOIL STERILANTS
GRANULES—HABCO HYCHLOR . . . HABCO

5H . . . HABCO 10K . . .

HABCO 10T . . . HABCO
BROMEX

LIQUIDS —CHLORATE-BORATE . . . HYVAR
X . . . KARMEX . . . TELVAR
. . . ATRATOL . . . PRAMITOL

DACONATE . . .

OF ALL KINDS

BRUSH CONTROL

2.4-D-.

AMMATE . . . HABCO 10B . . . ALL COM-
BINATIONS OF 2,4-D and 2,4,5-T

YOUR APPLICATION OR OURS

HABCO INCORPORATED
Our regional representatives are as close as your telephone.

D. Douglas Boalright
Room 604, Transportation Bldg.

Birmingham, Ala. 35203
205/252-6715

Donald E. Homo
7301 West Lako St.

Minneapolis, Minn. 55426
612/929-4689

Robert E. Lund
1040 Coulter

Winnipeg 3, Manitoba
204/786-3421

John A.
J. R. McCombridge
2251 Armour Road

North Kansas City, Mo. 64116
816/421-1488

Two Racine machines to cut your
rail anchoring costs-
New "ANCHOR-MATIC"
Pre-set and apply most types of anchors fast,

with one man, one machine. Operator places
single or double anchors on feeder rack and
hydraulic power does the rest— smoothly,
precisely, automatically.

Adjustable stops prevent over-driving. Unit is

self-propelled at 15 mph; pivots on hydraulic
jack to any position.

Original "ANCHOR-FAST"
Popular, proven machine for applying driven-on
and tool-applied anchors. Squeezes single or
boxed anchors against ties, then presses them on
rail base with smooth hydraulic power. Adjustable
stops prevent over-driving. Self-propelled at

15 mph; can be rotated 180° with hydraulic jack.

ANCHOR-TIGHT attachment available for

repositioning old anchors.

RACINE RAILROAD PRODUCTS, INC.
1524 FREDERICK STREET • RACINE, WISCONSIN 53404
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SWITCH TAMPERS FOR ALL YOUR JOBS

UNIVERSAL UYT-2W75 YARD, SWITCH & SPOT TAMPER
This versatile tamper is a new addition to the

popular Plasser Universal line. Even though the
UYT 2W75 has a lower original cost, it is equipped
with two of the exclusive Plasser four-tool tamping

u

heads with individually tillable tamping arms,
which insures the tamping of every tie through
switches and turnouts without the use of outside
or ground jacks.

Pil@&*4

This Universal UYT 2W75 tamper is particularly

adaptable for yard work where it has proven itself

as a money saver. The reasonable price plus its

ability to do a fine job tamping switches and doing

spot work suggest yard assignment. It can be
equipped with automatic lifting and leveling equip-

ment as well as automatic lifting correction with

cross level indicator. You should see one of these

tampers in service and we will be pleased to make
the necessary arrangements for you to do so at

your convenience. You will be convinced that it is

a superior machine.

PLASSER AMERICAN CORPORATION

GENERAL OFFICES & PLANT
2001 MYERS ROAD

CHESAPEAKE, VIRGINIA 23324
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KERITE
CABLE

For dependability in actual use, no other cable

matches Kerite. We believe you will be im-

pressed by the evidence.

THE KERITE COMPANY
PRINCIPAL OFFICES: Boston; Chicago; New
York; Philadelphia; San Francisco; and
Seymour, Connecticut • Sales Representa-
tion throughout the United States. A sub-

sidiary of Harvey Hubbell Incorporated.

RITE insulation that makes the difference

10625 Franklin Ave.
Franklin Park, I'll. 60131

455-4400

RAILROAD CONSTRUCTION
COMPLETE MAINTENANCE
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Safeban
MODEL C

TRACK WRENCH
mounted on a

UNIVERSAL TRAVERSE CARRIER

The
Industry's

Best Buy...
• Lightweight

• Powerful

• Full 360°
Rotation

• Set-off

Pedestal

• One Man
Operation

H^pRS^
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A tradition of service . . .

* Water Treatment Chemicals Protecting Diesel Cooling

Systems and Steam Generators

* Weed and Brush Control Chemicals

* Fuel Oil Additives

* Pollution Control Chemicals and Consulting Services

* Wheel Flange Lubricators

NALCO CHEMICAL COMPANY
1BO N. MICHIGAN AVENUE CHI CAGO. ILLINOIS B06 Q1

^T Trademarks of Nalco Chemical Company NALCO

EXPERIENCED SPECIALISTS
IN THE REPAIRS OF....
RAILROAD STRUCTURES

V I CORPORATION

uraBo
FOUNDATIONS, UNDERPINNING AND INVESTIGATIONS

AUGERCASTl* Piles - placed without vibration

• For new foundations and underpinning
• Retaining wsll piles. Low headroom piles

• Tie-back anchoring system for excavations

• Tension piles and anchors

PRESSURE GROUTING
• BAGPIPE'S* Groutainer™ inflatable forming system
• Soil stabilization for arresting settlement of structures

• FIRM-UPq chemical grouting for consolidating soils

• Consolidating masonry bridge abutments and piers

TM

CONCRETE AND MASONRY STRUCTURAL REPAIRS

• Bridges, dams, power plants and dry docks
• Scour repairs

• Tunnel lining repairs

• Repairs to precast, concrete, wood and steel piles

PREPLACED AGGREGATE CONCRETE (PAC)

• Cofferdam seals

• Underwater repairs, piers and abutments
• High density concrete for shielding

• Concrete and masonry structural repairs

• Underwater concrete

ONE-SOURCE MARINESERVICES

• Inspections above and below water
• Engineering reports of inspections

• Staff of experienced divers to perform
corrective repairs

• Submit budget or firm quotes

• Complete the work based on findings or at the

direction of Owner's engineering department
or consultant

* Covered by U. S. and Canadian Patents

P. O. BOX 155 • BRECKSVILLE, OHIO 44141 • TELEPHONE 216/659-3141
ATLANTA • BALTIMORE • CHICAGO • DETROIT • FT. LAUDERDALE • HOUSTON • JACKSONVILLE

MINNEAPOLIS • OMAHA • SEATTLE • TORONTO • TULSA
AFFILIATES: LEE TUR2ILLO CONTRACTING CO. • AUGERCAST PILE & FOUNDATION COMPANY

TURZILLO CONTRACTING LTD.
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The Perfect Mate
Miles and miles of dependable anchorage with economical maintenance . . . UNIT RAIL ANCHORS
The dependable strength of high-carbon, high-manganese steel, tempered by an improved process ... a special spring-

type design which compensates tor base-wear and corrosion . . . combined into a rugged, champion anchor that CANNOT

BE OVERDRIVEN. UNIT RAIL ANCHORS can be used and re-used over again ... NO REFORMING OR SHIMMING NEEDED.

Extra-wide section assures easy, uniform application by hand or machine, and causes little or no damage to rail or anchor

from derailed wheels. Provides safer anchorage without dangerous spik: throatcutting.

Lower first cost, higher reapplication value — UNIT RAIL ANCHOR leads the field in economy, strength, safety, and de-

pendability. Put all this to work for YOU.

NOW AVAILABLE — UNIT 11 — The same high quality Unit Anchor at a lower cost, made from a slightly lighter section of

steel, for requirements where the VERY HIGH HOLDING POWER and RESERVE STRENGTH of the Standard Unit is not

considered necessary.

Hubbard Super Steel and Super

Sendee Alloy TRACK SPRING
WASHERS . . . manufactured to

meet all current A.R.E.A.

specifications

Hubbard Carbon and Alloy

Track Tools to meet current

A.R.E.A. specifications and

U.S. Department of Commerce
Simplified Practice

Recommendations.

UNIT RAIL ANCHOR COMPANY
P.O. Box 4004
Pittsburgh. Pa. 15201

(412)781 4800

Midwest Office: 332 S. Michigan Ave.

Chicago, III. 60604

WEfliatn

jgj»f
73URI-A
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l^EWELD
Rail Maintenance Service

Rail End Welding
Rail End Hardening
CWR Joint Normalizing
Frog and Switch Welding

MEMBER

RRI
-L

RAILWAY
/•H09KCSS
INSTITUTE

Rail Maintenance Equipment
Custom Manufacturing and Fabrication

Joint Bar Shims
Rail Anchor Shims
Rail End and Frog and Switch

Welding and Grinding Machines
CWR Heating and Cooling Equipment
Rail Flaw Testing Equipment
Telebrineller Portable Hardness Tester

Infra-Red Heater for Curing Adhesive Bonded Rail Joints

TELEWELD INC., 416 NORTH PARK ST.
f
STREATOR, ILL. 61364

Write for details of the TELEWELD process for restoring rail ends.
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Report of Committee 9—Highways

J. E. Spangler P. G. Jefferis, Jr.
C. L. Holman M. D. Kenyon
R. A. Downey A. O. Kruse
H. L. Michael R. V. Loftus
T. H. Kruttschnitt, Jr. R. F. MacDonald
P. A. Shuster R. A. Mather
T. P. Cunningham J. C. Miller
C. W. Smith H. G. Morgan (E)
R. E. Skinner D. G. Newnan
J. L. Whitmeyer R. H. Patterson
W. W. Allen W. C. Pinschmidt (E)
H. J. Barnes J. E. Reynolds
J. M. Bates H. A. Richards
J. P. Bolling F. E. Rosencranz
W. B. Calder C. Shoemaker
A. L. Carpenter R. F. Spars
J. W. Cruikshank M. R. Sproles
F. Daugherty T. R. SummersK E. Wyckoff, l l . George D. Veitch

Chairman c j Hartsell W. E. Wehster, Jr.
C. A. Christensen, \yM j. Hedley (E) H. J. Wilkins

Vice Chairman E. E. Howard H. L. Woltman
L. T. Cerny, Secretary D. P. Insana C. H. Worboys

Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Recommended Manual revisions submitted for adoption are included in

Part 1 of this Bulletin.

1. Roadbed Stabilization for Highway-Railway Grade Crossings.

Final report submitted with recommendation that the assignment be

discontinued page 492

2. Merits and Economics of Prefabricated Types of Highway-Railway

Grade Crossings.

Xo report for past year's activity

3. Summary Reporting of Significant Publications on Grade Crossing

Safety.

Summarized reports furnished as information page 493

4. Evaluation of Developments in Passive and Non-Train-Actuated Grade

Crossing Protection.

Progress report submitted as information page 498

5. Study of Motor Vehicle Codes and Drivers' Licensing Practices.

Progress report submitted as information page 505

491
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6. Air Rights for Highways Over Railroad Property.

No report for past year's activity. Publication of the Highway Research

Project, "Valuation of Air Space," has been delayed.

7. Evaluation of Developments in Train-Actuated Grade Crossing Protec-

tion.

Progress report submitted as information page 506

8. Investigate Uses and Types of Rumble Strips and Their Adaptability

for Approaches to Highway-Railway Grade Crossings.

No report for past year's activity.

9. Study of Public Pedestrian Crossings.

Progress report submitted as information page 506

The Committee on Highways,

K. E. Wyckoff, Chairman

Report on Assignment 1

Roadbed Stabilization for Highway-Railway
Grade Crossings

C. L. Holman (chairman, subcommittee), W. W. Allen, J. M. Bates, C. A. Chris-
tensen, J. W. Cruikshank, E. E. Howard, D. P. Insana, P. G. Jefferis, Jr.,

M. D. Kenyon, A. O. Kruse, J. C. Miller, J. E. Reynolds, P. A. Shuster,
K. E. Wyckoff.

A system of waterproofing a section of track in a problem area has recently

been introduced, using materials developed by one of the large petroleum com-

panies. The main ingredient is a polypropylene fabric or membrane which is sprayed

with an asphalt emulsion. The installation prevents water from passing from the

ballast into the subgrade to form mud that would then ooze up into the ballast

section.

In April 1971 a test installation was made on a crossing of the Missouri Pacific

Railroad at Nowata, Okla. The crossing (Delaware Street) is on the MoPac's single-

track main line between Coffeyville, Kan., and Claremore, Okla. Delaware Street

is a truck route for U. S. Highway No. 160 and is crossed by the MoPac's main

track and two auxiliary tracks. The crossing area is flat and poorly drained with

the result that the subgrade has become soft and the ballast fouled with mud.

Approximately 300 ft south of the Delaware Street crossing, the same tracks

are crossed by the regular marked route of U. S. No. 160. The same drainage con-

ditions exist as at Delaware Street.

The track was first removed and ballast excavated to a depth of 18 inches

below base of rail through the Delaware Street crossing area and for a distance

of 10 ft beyond the edge of the roadway. The subgrade was then compacted with

pneumatic tampers. The fabric, which had previously been sprayed with emulsified

asphalt, was then laid in the excavation with the sealed membrane being continu-

ous from the surface of the roadway down each side and across the bottom of the

excavation for the entire length of the crossing and 10 ft beyond. New rock ballast

was then placed on the fabric and the track was replaced and tamped to line

and grade.
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The Delaware Street crossing was inspected on June 8, 1972, and on February

16, 1973. There was no evidence of dirt in the ballast section or on either approach
to the crossing. The track was in good surface and had not been worked since the

fabric was installed.

The regular U. S. Highway No. 160 crossing, one block to the south, had die

same muddy ballast condition in the approaches as existed in April 1971.

Your committee feels that roadbed stabilization measures should be handled

by Committee 1 and that this committee need not study the subject any futrher.

This report is submitted as a final report with the recommendation that the

subject be discontinued.

Report on Assignment 3

Summary Reporting of Significant Publications

on Grade Crossing Safety

H. L. Michael (chairman, subcommittee), L. L. George (vice chairman, subcom-
mittee), J. P. Bolling, A. L. Carpenter, C. A. Christensen, M. D. Kenyon,
A. O. Kruse, T. H. Kruttschnitt, R. V. Loftus, R. A. Mather, D. G. New-
nan, R. H. Patterson, H. A. Richards, R. E. Skinner, C. W. Smith, David
Veitch, J. L. Whitmeyer, H. J. Wilkins, H. L. Woltman and K. E. Wyckoff.

Introduction

The subcommittee assignment continues to be the reporting in summary format

of significant publications or developments in grade crossing safety. This year six

publications and progress on several significant research projects in grade crossing

protection are reported.

Report to Congress—Railroad-Highway Safety Part II: Recommendations

for Resolving the Problem

This report which was generated by the staffs of the Federal Railroad and

Federal Highway Administrations was published in August 1972. It logically fol-

lowed Part I (released in November 1971) which described the extent and nature

of the safety problem associated with railroad-highway grade crossings nationwide.

The several elements of the Recommendations for Resolving the Problem

reported and discussed included: (1) Public Grade Crossing Improvement Needs,

(2) Funding, (3) Allocation of Costs, (4) Jurisdictional Considerations, (5) Sup-

porting Activities and (6) Special Problem Areas.

(1) Public Grade Crossing Improvement Needs

By use of economic analysis, the study identified various levels of improve-

ment and evaluated the reduction in losses (nationwide) at public grade crossings

that would result from each. The types or levels of improvements considered were

(a) flashing lights, (b) automatic gates and (c) grade separation structures.

This economic or cost-benefit analysis indicated that grade crossing protection

will return greater overall benefits and much greater safety benefits for a given level

of investment than will grade separation. It is recommended that any new Federal

initiative should concentrate on grade crossing protection while odier programs,

such as current highway ones, should continue to include grade separation and

similar elimination type approaches.

Bui. 645
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Over the next 10 years, about 3000 crossings per year will warrant improve-

ment. This rate of improvement would be about three times the current rate. Upon
completion of the improvements, about 1000 motor vehicle-train collisions would

be eliminated annually—and some 500 lives per year would be saved.

(2) Funding

Several possible means of financing the cost of railroad-highway intersection

improvements are available including the continuation of existing programs. Others

noted included (a) the required expenditure of a fixed amount of funds for grade

crossing protection on and off the Federal-aid highway systems, (b) permissive

funding on and off the system and (c) the inclusion of grade crossing protection

as part of a larger safety program.

The funding method should reflect the results of the economic analysis out-

lined in the report and encourage the improvements which, for a given level of

investment, provide the greatest safety return. Crossings on and off the Federal-

aid highway system should be dealt with equally by extending Federal funding

to non Federal-aid system crossings.

(3) Allocation of Costs

As a departure from current allocation methods, the report recommends no

railroad contribution for protection type projects on federally assisted projects.

Elimination type projects—where benefits accrue to the railroad—should have the

railroad contribution reduced from 10% to 5%. Present policy should continue for

grade separations where no benefit accrues to the railroad—no railroad contribution.

(4) Jurisdictional Considerations

Although jurisdiction over railroad-highway intersections resides exclusively

with the states, the responsibility for protection and maintenance is frequently

divided among several public agencies and the railroad. This results in a fragmented

approach to grade crossing safety. The report points up the need for national coor-

dination on this issue that affects the nation's railroads and highway systems.

(5) Supporting Activities

In addition to the physical improvements discussed, there are other associated

activities which are also important in providing increased grade crossing afety.

Among these are the development of an adequate information system, further

research and development activities and driver education activities dealing with

grade crossing safety.

(6) Special Problem Areas

Special problem areas indicated either in legislation or identified by the study

staff include the problems created by railroads in urban areas—those related to

grade crossings as well as those associated with pedestrian safety along railroad

rights-of-way. Also in the special problem arena are (a) grade crossing problems

involved with high-speed railroad operations and (b) the problem associated with

private railroad crossings.

Speed Profiles and Time Delay at Rail-Highway Grade Crossings

This research project was sponsored by the Department of Transportation and

performed through the facilities of Bio Technology, Inc. Although the study was
made in early 1972, the report was not released until the spring of 1973.

The abstract, which follows, best summarizes this report.
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"Concern for railroad-highway grade crossing safety prompted the Department

of Transportation to develop and implement more effective protective systems. One
of the primary warrants for improving the level of grade crossing protection is cost

in terms of vehicle delay. The purpose of this contract was to provide a data hase

reflecting the behavior of motorists in the vicinity of crossings. Crossing parameters

of urban/rural, two/four lane, high/low volume and active/passive grade crossing

protection were considered in the final selection of 26 crossings for instrumentation.

At each site, the highway was instrumented at five points in each lane using the

Traffic E valuator System. The resulting magnetic tape permitted determination, for

each of over 40,000 vehicles at each point, of speed, lane changing behavior, head-

way, wheelbase, and number of axles. Manual inputs were made to the system to

indicate vehicles which were required to stop at the crossing, the activation of

protective devices, the arrival and departure of trains, and train speed. The data

base was organized to verify and improve an existing traffic flow model designed

to provide information on motorist speed and time delay at crossings."

Other research results are of interest relative to the behavior of approaching

motorists at a grade crossing but data were insufficient to yield conclusions. Mean

speed of crossing vehicles was found to decrease with crossing roughness, a slow

approach vehicle affected speeds of closely following vehicles, some motorists do

cross in front of a train after flashing signals begin operating (often because of

overly-long advance warning times), and approaching vehicle speeds decreased

more at passive protection sites than at active protection sites when no train was

approaching.

Evaluation of Safety Improvements at Highway-Railway Grade Crossings

This report of research is by the Joint Highway Research Project, Purdue

University, Lafayette, Ind. With highway-railway grade crossing accidents claiming

a disproportionate number of lives and with grade separation structures at all

such crossings being unrealistic-ally expensive, the approach taken in this study is

one of endeavoring to increase the motorists awareness of a railroad crossing and

in turn his responsibility at that crossing.

Several innovative active protection devices for rail crossings were reviewed

and any evaluations which were reported are summarized. The report recommends

that inter-agency relations and communications be improved so that information

concerning successful innovations in this area can lead to their widespread testing

and application elsewhere.

An approach to determining driver awareness of a rail crossing was devised

through the use of a photographic data collecting system. This determined a

driver's crossing approach speed profile. This, in turn, indicated his awareness of

the potential danger. The data system was used to determine the speed profiles

of motorists approaching a standard grade crossing flashing light protection system

and will be used in later phases of the research to determine approach speeds for

a gate installation. Initial findings indicate that a standard flashing light protection

system does not provide sufficient stimulus to warn all approaching motorists of

the presence of a train—a few do not take corrective action to stop their car

early enough to avoid high decelerations and possibly this includes many of the rare

few who collide with the train.
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Human Factors Countermeasubes to Improve Highway-Railway

Intersection Safety

The overall purpose of this study as reported in a January 73 Interim Report

is to obtain an understanding of causal factors and driver behavior and attitudes

regarding railroad-highway grade crossings and to develop solution concepts (coun-

termeasures ) , and, in turn, to evaluate the effectiveness of these prospective coun-

termeasures. In other words, this is an in-depth study of human factors in the

railroad-highway grade crossing problem.

Phase I and initial aspects of Phase II (of a IV phase study) are reported

on in preliminary fashion in this volume by Rio Technology, Inc. A selected sample

of accidents was reviewed to determine causative factors. Also, an appraisal of

inherent driver safety potential was undertaken including the area of driver educa-

tion. A field data collection study was designed and field data collection techniques

were investigated through actual use at selected sites. The information sought con-

sisted of four parts: questionnaire responses, driver performance records, physical

measurements and descriptions of sites and railroad equipment, and, finally, accident

histories at the site.

A goal of Phase II is to establish human factor norms with respect to driver

knowledge, attitude and behavior. Phase III will be an "after" study, with results

compared to the "before" study of Phase II to determine the effectiveness of the

measures applied. Built, in turn, upon the prior three phases, Phase IV will be large

scale field experimentation.

Proceedings, 1972 National Conference on Railroad-Highway

Grade Crossing Safety

The objective of this symposium as stated in the Proceedings was "To bring

together key interest groups to discuss new ways and means to insure increased

safety and to achieve optimum efficiency in the use of both highway and railroad

facilities."

Individual presentations as well as panel presentations made up the format

of the symposium. The various areas discussed (as presented in the Table of Con-

tents) were:

( 1 ) Urban Railroad Problems : A Panel

(2) Train Activated Rail Highway Protection: A Panel

(3) Passive Devices at Railroad-Highway Grade Crossings

(4) Implementation Problems Relating to a Rail-Highway Grade Crossing

(5) Warrants for Safety Improvements at Raiload-Highway Grade Cross-

ings: A Panel

(6) Maintenance of Automatic Highway Crossing Signals and Gates at Grade

Intersections of Highways and Railroads

(7) U. S. Department of Transportation Report to Congress on Railroad-

Highway Crossing Safety: A Panel

( 8 ) An Evaluation of the Report to the Congress on Railroad-Highway Safety

The Conference was sponsored by the U. S. Department of Transportation,

the Highway Research Board and the National Safety Council in August 1972 at

Ohio State University. This was the fourth national conclave since 1967 on railroad-

grade crossing safety.
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Regulations Governing the Protection of Crossings at Grade of Roads,
Highways and Streets with Railroads in the State of California

This document by the Public Utilities Commission, State of California, and
designated as new General Order No. 75-C is an update of standards for grade
crossing protection in California.

Its purpose as stated "is to formulate uniform standards for grade crossing

protection to be used in the State of California, the application of which may afford

greater safety at railroad grade crossings."

The Order provides for official recognition of automatic crossing gates and
cantilever type flashing light signals. The standards, in general, conform to Bulletin

No. 6 of the AAR, Railroad-Highway Grade Crossing Protection, Recommended
Practices. Standard signals and signs are also included for public pedestrian crossings

and private vehicle crossings.

New Research Projects

The status of two research projects outlined in the 1972 report of this sub-

committee can be updated rather briefly.

The final report is as yet not available on the Stanford Research Institute

project to identify the relationship of certain railroad facilities to the urban environ-

ment and to propose methods for evaluating the economic, environmental and

social consequences of their relocation.

The second research project reported last year—the pooled-fund research study

of the effectiveness of new types of signs and markings at grade crossings and on

their approaches—is still in the development stage. The contract for this research

was only recently awarded and the research is just getting underway.

One new research project of considerable importance has progressed well dur-

ing the year. This is the National Railroad Grade Crossing Inventory and Number-

ing Project. An initial field test undertaken in four selected states in the spring of

1973 was to determine the railroad per-crossing cost of completing the inventory

form and erecting the crossing number. The cost data generated from the four-state

field test is expected to be representative of the industry.

The need for an accurate and comprehensive national information system to

provide the basis for a systematic approach at all levels for the development and

evaluation of individual rail-highway grade crossing safety projects has been recog-

nized for some time. The purpose of this project is to develop a centralized, com-

prehensive, national public railroad-highway grade crossing informational system

as the basis for planning, implementing, and evaluating federal, state and local

grade crossing improvement programs. This project once completed, will rectify

one major problem, the lack of a site-specific in-depth inventory' of grade crossings

nationwide. The information will be available on both a state-In -state basis and

on a carrier-by-carrier basis.

Other research on traffic control devices related to grade crossing protection

was in progress in several states through experimental projects approved by the

Federal Highway Administration on recommendation of the National Advisory

Committee on Uniform Traffic Control Devices. Colorado has installed experimental

applications of flashing advance warning beacons and standard traffic signals at

four grade crossings. Missouri has installed as an experiment an advance sign warn-

ing of a grade crossing signal ahead. Arizona has installed overhead flashing signals

and Texas several innovative passive devices. Each of these approved experiments
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is to have a report of findings submitted to the Federal Highway Administrator

upon completion of the research.

Of special significance to railroad-highway grade crossing safety is the updating

in progress during the year of AAR Bulletin No. 6, Railroad-Highway Grade Cross-

ing Protection, Recommended Practices. The updated Bulletin No. 7 has been com-

pleted to draft form and should be readily available very soon.

Conclusion

Research and development in the grade crossing safety area are currently very

active and a number of significant publications in this area will undoubtedly appear

in each of the next few years. As a consequence, it is recommended that the

assignment of this subcommittee be continued as currently stated.

Report on Assignment 4

Evaluation of Developments in Passive and Non-Train

Actuated Grade Crossing Protection

T. H. Kruttschnitt (chairman, subcommittee), H. J. Barnes, J. P. Bolling, A. L.
Carpenter, L. T. Cerny, C. A. Christensen, R. A. Downey, L. L. George,
C. L. Holman, R. F. MacDonald, R. A. Mather, H. L. Michael, H. A.
Richards, F. E. Rosencranz, R. F. Spars, J. L. Whitmeyer, H. J. Wilkins,
K. E. Wyckoff.

Your committee submits the following report on activities pertinent to its

assignment, with recommendations based thereon.

While no accurate statistics are yet available, it has been estimated by the

U. S. Department of Transportation that there are about 223,000 public grade

crossings in the Nation. Of these, only about 48,500' have some form of automatic

protective devices. The remaining 174,500 public crossings and perhaps some

140,000 private crossings are equipped only with non-train-actuated, or "passive"

protection, or no protection at all.

The National Grade Crossing Inventory and Numbering Project, sponsored by

DOT and AAR, may well produce conclusions that one of the quickest and most

effective courses of action to obtain early return on monies available for expendi-

ture, will be to upgrade passive devices to at lease minimal requirements. In this

connection, it would be desirable to learn:

( 1 ) The locations of non-protected crossings.

(2) The extent of crossings with only a single crossbuck.

(3) The number of crossbucks requiring reflectorization.

In addition, it would be desirable to know about advance warning signs, even

though they are not a railroad responsibility. Inasmuch as the Inventory and Num-
bering Project will seek to develop and tabulate all of this information, it is recom-

mended that this committee not embark on any separate program attempting to

develop the same information.

Many authorities seem to believe that conventional crossbucks and advance
warning signs are capable of improvement and your committee knows of some
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experimentation. The Santa Fe has an experimental yellow crossbuck, without let-

tering, on a flashing light grade crossing signal in Southern California. The City

of Cadillac, Michigan, has recently erected two special signs, each approximately

200 ft in advance of the Leeson Avenue crossing of the Ann Arbor Railroad, which
does not have automatic devices. The signs are 6 ft square with backgrounds of

6-inch-wide diagonal black and reflective silver stripes with a 30-inch diameter

RXR (W 10-1) sign in the center. Just above the top center of the 6-ft sign there

is a continuously-flashing amber light with 8-inch lens. Train traffic consists of 24

movements per week at a speed of 25 mph. Donald L. Mason, city manager, feels

that the signs are quite effective and has received favorable comments on them.

The actual cost for both signs was less than $900. There are several experimental

signs in Texas which were sponsored by the railroads, the highway department

and Texas Transportation Institute. Diagnostic teams in various states, established as

a result of Federal Highway Administration Instructional Memorandum No. 21-1-68,

have been instrumental in the installation of a number of experimental signs. Your

committee has been unable to learn of any conclusions thus far reached on the

effectiveness of these devices.

Any signs or signals appurtenant to a railroad grade crossing should be con-

sidered traffic control devices and should meet the general criteria for such devices

as set forth in Section 1A-1 of the 1970 revision of the Manual on Uniform Traffic

Control Devices (MUTCD), issued by the Federal Highway Administration, and

adopted by statute in many states. Those general criteria are:

(1) Fulfill a need.

(2) Command attention.

(3) Convey a clear, simple meaning.

(4) Command respect of road users.

(5) Give adequate time for proper response.

In the interests of providing a uniform and better understood system of sign-

ing, the 1970 revision of MUTCD includes a wider use of symbols and more exten-

sive use of color coding to establish general meanings for a total of 12 colors which

have been identified as appropriate for conveying traffic control information. At the

time the Manual was revised, four colors had no meaning assigned to them and

were reserved for future applications.

Dr. Slade Hulbert, research psychologist at the University of California at Los

Angeles, and Robert C. Vanstrum of St. Paul, Minnesota, presented a paper

entitled "Passive Devices at Railroad-Highway Grade Crossings" at the 1972 Na-

tional Conference on Railroad-Highway Grade Crossing Safety held at Ohio State

University on August 29-31, 1972. These authors considered that there are several

guiding principles for meeting the need for relatively low-cost improvements in

passive devices, as follows:

(1) Distinction between protected versus unprotected crossings to inform

the motorist that it is his entire burden to detect trains.

(2) Redundant display of cues, i.e, distinctions in as many aspects as pos-

sible, e.g., color, shape, symbols, etc.

(3) Recognition of the crossbuck symbol's utility and its use in foreign

countries.

(4) The need for symbology plus words at least during an introductory

initial period.
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(5) Cost and technology constraints.

(6) Acknowledgement of the Manual of Uniform Traffic Control Devices

principles of color, shape, size and location of warning devices.

They proposed a number of new signs, segregated between those with and

without automatic devices in conformity with principle (1).

Crossings With Automatic Protection

All suggested signs were based on the familiar circular disc in order to con-

form with principle (6). The MUTCD restricts this shape to advance warning of

railroad crossings and civil defense evacuation route markers. Colors selected were

yellow and red, chosen to indicate the high degree of risk and severity associated

with train-vehicle collisions.

As the first advance warning sign, they suggested the familiar RXR (W10-1),

but with the upper and lower quadrants, formed by the letter "X", in red. The

second advance warning sign would consist of a 36-inch yellow disc with a black

and red symbol representing flashing lights, or an appropriately different symbol

to represent gates or other devices. The purpose is to notify the driver that he must

look for the protective devices at the crossing. At the crossing, they proposed a

48-inch yellow disc fitted over the flashing lights, possibly augmented with yellow

crossbucks. ( See Plate "A"

)

Crossings Without Automatic Protection

Principles (1), (2) and (6) resulted in a choice of the diamond shape. The

color brilliant yellow-green has been recognized as having one of the highest target

values and it has not yet been assigned a meaning. Hulbert and Vanstrum pro-

posed use of this color for high severity hazards with low to medium accident fre-

quency, including passive devices at this type of crossing.

The first advance warning sign proposed by them is a brilliant yellow-green

(BYG) 36-inch diamond with a black symbol depicting rails and ties running hori-

zontally and a wide black stripe running vertically representing the street or high-

way. The rail and tie symbol could be rotated to depict other than a right angle

crossing. The second advance sign is the same color and size diamond with a ques-

tion mark at the top, then a schematic picture of a locomotive with arrows point-

ing left and right, all in black on the BYG background. At the crossing, they

propose 48-inch BYG 90° crossbucks. (See Plate "B")

Another area recommended by Hulbert and Vanstrum for consideration inde-

pendently of the above two systems is to provide a different colored crossbuck.

They illustrated a solid yellow 90° crossbuck without the "Rail Road Crossing"

legend and the Swiss version of the crossbuck for single and multiple tracks, in

use in Europe. This version is white with a heavy red border, with the blades

intersecting at an angle of approximately 132° top and bottom and 48° left and

right. One large sign is used for single tracks and one large sign with a smaller

identical sign above it is used for multiple tracks. Also illustrated were the solid

yellow, brilliant yellow-green and the Swiss crossbucks with the standard red and

white triangular "Yield" sign (Rl-2). The purpose is to indicate that the train

always has the right-of-way and to imply some slowing (not stopping or excessive

slowing) as the safest procedure approaching a crossing. (See Plate "C")

They also recommended consideration of several additional relatively low-cost

devices at special locations where added warning is judged to be required, as

follows:
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FIRST ADVANCE WARNING SIGN

SECOND ADVANCE
WARNING SIGN

WORDS "SIGNAL AHEAD" TO

BE OMITTED AFTER PERIOD

OF DRIVER EDUCATION.

CIRCULAR DISC
AND FLASHING LIGHTS
AT THE CROSSING

Passive signs for crossings with automatic protection

PLATE "a"
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BRllL'ANT -

YELLOW GREEN

FIRST ADVA
WARNING SIGN

WORD "AHEAD"TO BE
OMITTED AFTER PERIOD
OF DRIVER EDUCATION

SECOND ADVANCE WARNING SIGN

BRILLIANT YELLOW GREEN

ATTHE CROSSING

Passive signs for crossings without automatic protection

plate "b"
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CROSSBUCK OPTIONS

CROSSBUCKS IN COMBINATION WITH THE YIELD SIGN

word "YIELD" lettered Red

PLATE "C"
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( 1 ) The use of oversize signs.

(2) The use of backshields to provide added target value against particular

backgrounds.

(3) Signs installed on both sides of the roadway.

(4) Repetition of signs as needed.

(5) Use of advisory speed plates on same post.

(6) Use of several advisory speed plates mounted singly and in various

patterns to influence speed awareness on the part of the motorist (e.g.,

a "funnel" effect where a number of speed plates are used as delineators,

the distance between each becoming progressively less as the crossing is

approached )

.

(7) Pavement markings, standard and novel as may be approved in future

deliberations of the National Advisory Committee on Traffic Control

Devices.

(8) Raised pavement markers, both reflectorized and non-reflectorized.

These can be placed to create a rumble effect.

(9) Rumble strips and rough pavement (or smooth) to alert driver's atten-

tion.

(10) So-called "click sticks" (highly visible reflective panels) placed on the

far side of the crossing to help detect the fact that a moving train is

already occupying the crossing.

The test, or pilot, phase of the DOT-AAR National Grade Crossing Inventory

and Numbering Project is under way in the States of Nevada, Colorado, Connec-

ticut and Virginia. After an analysis of the project results in these states, the

National phase will be undertaken with completion some time in 1974. In addition,

the Federal Highway Administration has solicited proposals to conduct a study

entitled "Railroad Highway Grade Crossing Safety" which will address itself to

testing of a number of passive traffic control devices on the approaches to railroad

crossings and possibly at the crossings. The solicitation contained an estimate of

the scientific and technical effort for the project of approximately four man-years

and it is expected that the contractor will be selected in the first part of 1973.

Between 50 and 70 test installations will be made, with at least two in each of the

25 participating states. The field evaluation studies at each location will include

data before and after installation of the devices being tested.

Your committee feels that it would be unwise to pursue any independent
studies or actions and recommends awaiting the results of the Inventory and Num-
bering Project and the FHWA-sponsored study of passive devices.
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Report on Assignment 5

Study of Motor Vehicle Codes and Drivers'

Licensing Practices

P. A. Shuster (chairman, subcommittee), H. J. Barnes, J. M. Bates, J. P. Bolling,
W. B. Calder, A. L. Carpenter, C. A. Christensen, W. J. Hedley, M. D.
Kenyon, J. E. Reynolds, j. E. Spangler, R. F. Spars, J. R. Summers, H. J
WlLKINS, H. L. WOLTMAN, K. E. WYCKOFF

Three years ago your committee made a study of the driver instruction manuals

being used by each state at that time. A report of this study was made and may be

found on page 194 of Bulletin 635, November-December 1971. Considerable activity

has been taking place in this area since that time and it was felt that new study

was in order to determine if any progress was being made toward the better edu-

cation of drivers to the railroad crossing hazard.

1. Advance Warning Signs

In 1970 this sign was pictured by 49 states, but in 1973, only 44 states display

and define the standard round highway sign.

2. Crossbuck Signs

Only 25 states show a picture of this basic grade crossing sign, whereas 27

were shown in 1970. Several states which did not previously show this sign added

it to their manuals, while several states which were showing the crossbuck (only)

replaced it with pictures of flashing light signal units (with crossbucks) placing

it in category 3 below. One state shows a European-type crossbuck which is quite

different from the U. S. Standard.

3. Flashing Light Signals

Seven states added a picture of the flashing light signal unit to their manual

while two others dropped it, making a net increase of 5 to the 11 states reported

in 1970. As before, nearly all states cover the "stop for flashing red light" feature

in general, though not specifically in regards to grade crossing protection.

4. Crossing Gates

This item also gained in attention as 9 states now picture the railroad crossing

gate against 5 before, although discussion in the text was dropped by 6 states.

Again, most of the discussion centers around not bypassing lowered gates.

5. Passing at Crossings

About half of the 40 states which formerly provided instructions to prohibit

passing in the crossing area have eliminated these instructions within the period

under study.

It appears that during die lapse of the three years between the first study and

the present compilation, the trend has been for the states to provide less rather than

more information regarding the grade crossing situation. While slightly more atten-

tion was shown to flashing light signals and crossing gates, the overall coverage of

the total grade crossing situation shows a decline. This trend was rather surprising

to your committee.

Several states are in the process of revising and up-dating their drivers manuals

and have indicated their desire to include additional, more informative materials
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regarding grade crossing situations. Your committee stands willing and able to assist

by providing model information and hopefully reverse the trend toward less infor-

mation in this most important area.

This is a progress report submitted as information, with the recommendation

that the assignment be continued.

Report on Assignment 7

Evaluation of Developments in Train Actuated

Grade Crossing Protection

C. W. Smith (chairman, subcommittee), H. J. Barnes, J. P. Bolling, C. A.
Christensen, T. P. Cunningham, L. L. George, C. I. Hartsell, C. L. Hol-
man, D. P. Insana, P. G. Jefferis, Jr., R. A. Mather, H. L. Michael, D. G.
Newnan, J. E. Reynolds, H. A. Richards, R. E. Skinner, Davh> Veitch,
W. E. Webster, Jr., J. L. Whitmeyer, H. L. Woltman, K. E. Wyckoff.

The following progress report is submitted as information.

This assignment is currently emphasizing studies of the crossing protective

devices installed on the high-speed rail corridor between Washington and New
York. The various state agencies solicited have furnished considerable information

and have suggested numerous sources for obtaining additional data. It is hoped that

a more detailed report can be developed for next year.

Numerous innovative active protection devices have been installed in past years

at various other locations and reported to the Association. Few of the reports, how-
ever, included information pertaining to the effectiveness of the installations. As a

part of its assignment this subcommittee proposes to contact those agencies involved

in the installations to determine if data is now available relative to such effectiveness.

Report on Assignment 9

Study of Public Pedestrian Crossings

J. L. Whitmeyer (chairman, subcommittee), W. W. Allen, W. B. Calder, A. L.
Carpenter, C. A. Christensen, J. W. Crutkshank, T. P. Cunningham,
F. Daugherty, W. J. Hedley, E. E. Howard, D. P. Insana, R. F. Mac-
Donald, J. C. Miller, J. E. Spangler, R. F. Spars, D. Veitch, C. H. Wor-
boys, K. E. Wyckoff.

The issue of pedestrian hazards at railroad rights of way continues to remain

an important item of safety. About 62 percent of all pedestrian right-of-way accidents

occur in densely populated areas, where convenient access to the operating property

remains at street grade crossings of the railroad tracks. Other access is often gained

at points along the rights-of-way due to lack of fencing or other suitable barriers,

as well as at station platforms.

While it is estimated that 20 percent of the rights-of-way are presently fenced,

the Department of Transportation in its Report to Congress on Railroad Highway
Safety states that if a carefully selected fencing program was to cover 10 percent
of the railroad routes in urban areas with an average of 10 trains per day, as much
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as a 25 percent reduction in the annual total of 355 pedestrian fatalities on railroad

rights-of-way could be expected. In addition such a program would see a corre-

sponding reduction in personal injuries to pedestrians as well as a reduction in

vandalism.

Although signs and signals are generally successful in alerting pedestrians to

possible danger at crossings, the pedestrian problem in the design of railroad-highway

grade crossing protection should not be slighted. Preferential consideration should

be given to the use of grade separations where practicable, which is the most effec-

tive method of eliminating conflict between trains and pedestrians. Ovei crossings

are usually preferred, since underpasses often require railroad maintenance of the

structure, including sump pumps. Pedestrian security is also to be considered, par-

ticularly in subways, where illumination and police surveillance are desirable to

prevent vandalism, muggings and other crimes.

Some overhead structures have been fitted with protective barriers or screening

devices, such as chain link fencing, to keep objects from being dropped or thrown

from the walkway into the path of or onto trains. This hazard is also shared by

highway interests. Because of this concern, The American Association of State High-

way Officials, in cooperation with the Federal Highway Administration, in 1968

issued "A Guide for Protective Screening of Overpass Structures." The guide points

out that screens should be considered at the time the overpass is constructed ( 1

)

where near a school, playground or elsewhere when used by unattended children,

(2) in large urban areas where used exclusively by pedestrians not easily kept under

police surveillance, and (3) where experience on nearby structures indicates a need

for screens. Existing structures should also be equipped with screens where there

is a history of objects being dropped and where surveillance, warning signs or indi-

vidual apprehension does not appear to alleviate the problem.

Recent bicycle and hiking path legislation has resulted in the construction of

padiways along and across railroad rights-of-way. Fencing or dense shrubbery is

usually necessary to restrain users widiin the limits of the designated routes. Bicycle

and hiking path grade crossings are generally provided with signs or automatic sig-

nals to alert users of the possible approach of a train.

Cyclists, whether riding or walking their vehicles, present problems similar to

those of the pedestrian. Bike crossings should be constructed to provide a right angle

approach to the tracks. Bicycle wheels can easily fall into the track flangeway at

skew crossings which may result in a serious accident. The highway department

of one state recently installed signs with the message "BIKE RIDERS—TRACK
MAY CATCH TIRES."

Because of the variety of factors which may contribute to pedestrian hazards

in different local situations, detailed studies are necessary to determine the most

effective measures to reduce hazards to pedestrians and provide a safe environment

for the train service.

This is a progress report, submitted as information, with the recommendation

die assignment be continued.
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To the American Railway Engineering Association

Your committee reports on the following subjects:

B. Revision of Manual.

No revisions to report.

2. Bibliography.

Progress report, submitted as information page 510

3. Office and Drafting Practices.

No report for past year's activity. Further study in progress.

4. Special Studies.

Final report on study of responsibility and functional reporting page 513

5. Application of Data Processing.

No report. Data processing related to responsibility and functional re-

porting under study.

6. Valuation and Depreciation.

No new developments.

7. Revision and Interpretation of ICC Accounting Classifications.

No report. No changes on subject the past year.

The Committee on Engineering Records and Property Accounting,

C. R. Dolan, Chairman.

509
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Report on Assignment 2

Bibliography

M. W. Boxxom (chairman, subcommittee), P. J. Beyer, Jr., C. R. Dolax, L. D.
Farrar, A. P. Hammond, L. W. Howard, R. D. Igou, J. L. Manthey, J. J.

O'Hara, C. F. Olsox, E. E. Strickland, T. A. Valacak.

Your committee submits the following report of progress, presenting additional

references with annotations.

Office Procedures

Reprographics, November 1972, pages 18-19. "Film Gaining On Vellum As

Major Drafting Medium."

Survey of 2100 drafting rooms reveals polyester drafting medium replacing cloth,

starting to displace vellum.

Engineering Graphics, January 1973, pages 8-11. "Duplicating Microfilm Rec-

ords From Cut Strips."

When you're faced with a mammoth microfilm duplicating job, and your "origi-

nals" are already cut into strips, you may think it's a hopeless case. A new machine

has been developed that will not only solve your problem, but possibly can make
you money.

Modem Office Procedures, March 1973, pages 36-40. "Microfilm: An Every

Office Tool."

Men with proven expertise and a record of successful microfilm systems behind

them express their views on the challenges, pitfalls, advancements, profitable uses,

successful management, selling the proposed system and die future.

Forbes, March 15, 1973, page 55. "Microfilm On The Threshold."

Microfilm industries think they are on the verge of taking off. Three major

companies are in a position to benefit from the increasing interest.

Reprographics, March 1973, pages 12-36. "Computer Monitors Drafting

Operations."

The time and paperwork devoted to drafting control is reduced by 60 to 70

percent using a drafting monitoring system.

Reprographics, April 1973, pages 7-18. "Special Aperture Cards For Special

Needs."

Tailoring of microfilm aperture card systems to specific user requirements

reduces storage space, speeds print output and provides heightened efficiency.

Management Adviser, May-June 1973, pages 26-33. "Three Ways To Wake Up
Procedures Manuals."

Procedures manuals are always with us, but their usefulness varies widely.

The article reflects a few simple guidelines to follow to put the manuals in good

working order and to minimize communication frustration.

Modern Office Procedures, July 1973, pages 26-27. "A New Way to Understand

People."

An executive should understand Transactional Analysis. TA will enable him
to be more empathetic, attuned to other's feelings and avoid taking the other person's

comments as criticism.
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Modem Office Procedures. July 1973, pages 30-32. "Flowchart Symbols: Read-
ing the Systems Roadmap."

A flow diagram is a universal medium for communicating the program idea to

persons who don't know computer language or who know a different one. An under-

standing of the basic symbols and their use will allow you to follow data through

the accounting system.

Taxes

The Bureau of Xational Affairs, Inc., Washington, D.C., June 4, 1973, No. 107

J-l to J-9.

U. S. Supreme Court opinion, June 4, 1973, prohibits the railroads from taking

depreciation deductions for tax purposes on highway-railroad crossing facilities built

with public funds.

Valuation

Engineering News-Record, March 22, 1973, pages 77-116. "EX-R Indexes

Of Cost Trends 1913-1972—1st Quarter Report of 1973."

EN'-R indexes show 1973 costs accelerating.

Latest trends in building cost indexes by city.

Material prices.

Construction wage indexes.

Engineering Xeves-Record, June 21, 1973, pages 58-110. "EX-R Indexes Of

Cost Trends 1913-1972—2nd Quarter Report of 1973."

Highway bid price indexes for 29 States show cost increase slowdown.

Bid price trends on federal-aid highway contracts.

Sewage construction cost indexes in 20 Cities.

Materials supplies tight, prices up sharply.

Accounting

Forbes, March 15, 1973, page 92. "The Reality Loophole?"

Radical reform in corporate financial reporting is required so that value instead

of cost can be reflected for assets.

Management Adviser, March-April 1973, pages 49-54. "The Gambler's Ruin

Model as an Aid in Capital Budgeting Decisions."

Capital budgeting decisions basically involve figuring the odds on future returns

against present expenditures. Possibly consideration should be given to evaluating

the eventual success or failure of the project in terms of specified risks.

The Practical Accountant, May-June 1973, pages 53-58. "Five Tools for Making
Fixed Asset Decisions."

Too many small business managers make their important fixed asset acquisitions

on hunches. Yet the analytical methods used by larger companies are easy to use

and can result in far more dependable data on which to base such decisions.
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General

Reprographics, October 1972, pages 22-25. "Add Color to B/W Visual Aids for

Viewer Interest and Impact."

Simple mechanical and photographic techniques to put color in slides and other

visuals perks up presentations and puts life into dry data.

Modern Office Procedures, January 1973, pages 24-30. "The Results—Common
People with Uncommon Goals."

An effective executive is the framework of an effective organization. The first

step you must take toward effectiveness is to record how you spend your time. The

article explains why it is necessary to organize your time.

Modern Office Procedures, February 1973, pages 12-17. "Stop the Organization

from Stifling People."

"Your people are not vicious, they're not politicians, they're not goof-offs, they're

not goldbricks and they're not trying to beat the system." The remarks were made

by Robert Townsend of Avis Rent-A-Car in this informative article about employees.

Modern Railroads, March 1973, pages 51-58. "Handy Guide to FRA Track

Standards."

United States railroads are now subject to the track safety standards developed

under the Federal Railroad Safety Act of 1970. The guide lists the provisions of the

Act issued by FRA on December 22, 1972.

Modem Railroads, August 1973, pages 41-48. "Energy: Are Railroads On The

Right Track."

Because railroads are highly energy-efficient, they may hold the keys to victory

in the nation's batde to find fuel for continued economic growdi. Interesting article

that compares the railroads with other modes of transportation in energy consump-

tion and net propulsion efficiency.
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Report on Assignment 4

Special Studies

R. L. Ealy (chairman, subcommittee), P. L. Conway, Jr. (assistant chairman, sub-

committee), H. C. Boley, M. W. Bonnom, C. E. Bynane, J. R. Geary, P. R.

Holmes, G. F. Ingraham, W. C. Kanan, W. H. Kiehl, D. M. Meyer, J. J.

O'Hara, R. S. Shaw, Jr., E. E. Strickland.

Development and Use of Responsibility Reporting and Functional

Accounting as Related to Maintenance of Way Expenses and

Capital Expenditures

This is a final report, submitted as information.

In 1907 the Interstate Commerce Commission prescribed the Uniform System

of Accounts. At that time it was a noteworthy advance in railroad accounting. With

die passing of time there have been changes of this document. While it meets the

needs of the ICC, it no longer provides for the detail, in accounting, that is necessary

for railroad management to make the intelligent decisions that are required when

operating with a dwindling supply of dollars that must go for those projects that

will return the most benefit.

Out of this need for more detailed information than provided in the Uniform

System of accounts grew the Responsibility Accounting System. This system pro-

vided management with the information as to where and by whom the money was

spent. Some railroads consider this sufficient information; others, however, after

using this system decided this was not enough, and wanted to know what the ex-

penditures were being made for.

The Responsibility Accounting was then expanded and has evolved into what

is commonly referred to as Functional Accounting. This system provides the infor-

mation as to who spent how much, where, when and for what.

The system is used for budgeting, budget control, production evaluation, etc.,

depending upon the desires of management. Output is initially made for each

reporting unit such as a section gang. This data is then collected for gangs under

the supervision of a roadmaster, etc., and pyramids to each ascending level of

responsibility. The full detail reported is, of course, reduced at the upper levels

since the volume would make it too time-consuming to review; however, it is still

available.

This report will describe both systems—starting with Responsibility Accounting

then progress to Functional Accounting.

Due to the complexity of modern railroading, the modeling of an entire organi-

zation would require an inordinate amount of time and space. This presentation,

therefore, will be limited to labor reporting only for Maintenance of Way. Mainte-

nance of Way material would follow the same pattern as would other departments

and levels of responsibility but will not be featured in this report. The model is not

intended to be all inclusive nor is it a minimum example.

First, we need to identify a "cost center" or who incurs the expenditure. For

our model we will use a seven-digit number. The addition or deletion of digits

within groups, or as a group, may better serve individual needs. At first this seems

to be a large number for the individual reporting, but for each gang the first five

digits is a constant number. The last two digits are of limited number for most

forces. For clarity we will use a diagram. The following diagram illustrates the

application of the seven-digit location code.
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The following expands the diagram for the structure past the third digit:

For Southern Grand Division (other similarly structured)

Roadmaster Coding Structure

4th digit (when 3rd digit is 0)

—Roadmaster No. 1— (location and/or District)

1

—

No. 2— (location )

3— "
No. 3—(location

"
)

etc. up to and including 9

Gang Coding Structure

4th and 5th digit (when 3rd digit is 0)

01 Section 1— (Location)

02 Section 2— (Location)

13 Section 8— (Location)

14 Section 11— (Location)

6th and 7th Digits

Mam Line, Branch Line and Joint Facility Coding

Main Line designations have assigned numbers from 1 through 10 as necessary.

Branch Lines have assigned numbers from 11 through 39.

Special Locations have assigned numbers from 40 through 84.

Joint Facilities have assigned numbers from 85 through 99.

We now have an individual location number assignment which will be unique

for each location on the railroad.

Main Line

01—1st District

02—2nd District

03—Mountain District

etc.

Branch Line

11—Gulf District

12—Texas District

13—Oklahoma District

etc.

Special Locations

40—Smith Yard only

41—Allerton Yard only

etc., as required.

Joint Facility

85—Interlocker Cucamonga—joint with AB&C RR
86—Interlocker Hot Box Jet.—joint with CDF RR

etc.

By use of the foregoing we can establish through the use of seven digits the

location or "where" the work is performed. A combination of the seven digits will

be unique for any location.

In addition to the location at which the work was performed it is desirable

to know whether the work performed was regular maintenance or for property to
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be capitalized. By providing additional spaces on the input documents the Authority

for Expenditure number or the number assigned for collection of charges for billing

purposes (Suspense Authority) can be shown for correct handling. If the work is

regular maintenance, chargeable to Operating Expense, this area can be left blank.

It is also necessary to know what the proper ICC accounts are, and a further

division of charges such as work on Amtrak facilities, subsistence, allowances, etc.

An example of these are:

01 Direct labor charges

02 Charges for labor billable to Amtrak

03 Payroll associated costs (Railroad Retirement, Health and Welfare, etc.)

04 Subsistence allowances

05 Other billable items, etc.

By using a two-digit number it gives the capability of 99 sub-codes, which is more

than sufficient.

There are probably as many different reporting documents and time period

reportings as there are railroads. These range from daily individual workman reports,

that are transmitted daily by U.S. Mail, to monthly gang reports via company mail.

For this report we will illustrate an 8-day track gang report prepared by the foreman

and submitted to the Roadmaster for verification and approval.

It should be pointed out that in this example the reporting here is not tied to

payroll and is for accounting purposes only.



Engineering Records and Property Accounting 517

The details as developed are then compared to the amounts budgeted, for

those who use the system for budget control, and where there are significant

differences, as stipulated by management, the responsibility center is required to

submit an explanation of the difference.

Several roads, both large and small have instituted Responsibility Accounting.

Some of these roads have a system that encompasses their entire operation while

others have only a limited system in operation and no plans to expand, as it affords

them the information that they deem necessary.

The use of the computer is not mandatory, but all roads that have Responsibility

Accounting utilize a computer because of the volume of data that it is necessary

to process to make the reporting meaningful.

The most important facet of this system is to properly educate those responsible

for the reporting. One of the most successful methods reported was the use of a

"Programed Instruction" booklet furnished each person reporting. This allows the

individual to learn at his own learning speed and also provides a ready reference

with which he is familiar.

The foregoing has set forth the principles for setting up a Responsibility

Accounting System. With the needs, as defined by your management, and the appli-

cations of the principals, a system can be developed to capture the data necessary

for meaningful management decisions.

As stated earlier, some roads felt that the information that was processed from

the reporting under Responsibility Accounting did not meet their needs. The de-

scription of work performed was literal and as such could not be computer processed.

The computers utilized by the railroads, for the most part, are digital com-

puters; therefore, it became necessary to convert the literal information to a digital

system. There have, of course, been a number of approaches to the solution of this

problem and we will touch on a couple of these as examples of what can be done.

Both types of coding are used by large railroads.

First let us take a look at the system that combines the ICC account, shown

as a three-digit number, plus a three-digit number assigned to a specific work func-

tion. This produces a six-digit number as functional accounting code.

The same reporting example used for Responsibility Accounting will be used

for Functional Accounting so that a comparison can be made of the two reportings.

We said a three-digit number was necessary for a work function. This is not

quite true since it is unlikely that more than 99 work descriptions would be required

for any account and we would have more than nine, so two-digits would be re-

quired. There are, however, other types of charges that are tied to labor charges

which must be accounted for in connection with the work performed. Meals and

lodging, mileage, train delay and travel delay are examples of such charges.

From the foregoing we can build functional numbers; using track labor the

following are examples of the development:

002 Place, renew or adjust other track material

003 Reclaim other track material

004 Ordinary track maintenance

005 Track welding

101 Meals and lodging

202 Auto mileage
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These functions, of course, can be as few or numerous as the desire of man-
agement dictates.

As stated formerly, these functions combined with ICC accounts create a six-

digit number which both handles the ICC accounting and describes the work
performed. It is handled through the computer, which is programmed to gather the

information by accounts and functions.

Using the previous example converted for functional accounting we have:

LABOR REPORT FORM 1001-F-L

Area Code 22013
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order. Included with the work and description is a complete set of system line

drawings showing location numbers for segments of the railroad. These drawings

comprise the largest portion of the booklet and on die facing page to each section

(segment) are literal descriptions and special code locations.

From what has been presented, it is evident that Uiis can become a quite

complex system with a multitude of area codes and function codes for the everyday

operation of a railroad and, as previously stated, what has been presented is not

used for preparation of payroll. However, payroll and either Responsibility or Func-

tional Accounting can be generated by the same source document. It should be

reiterated that the education process be stressed and that clear concise instructions

are mandatory.
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Those whose names are shown in boldface, in addition to the chairman and vice chairman,
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To the American Railway Engineering Association:

B. Revision of Manual.

No report.

1. Improvements to be made to existing work equipment.

No report.

2. Machine design.

No report.

3. Rail heaters and coolers for laying continuous welded rail, collaborating

as necessary or desirable with Committee 31.

No report.

4. Actual cost to operate a piece of work equipment.

No report.

5. Propose minimum information about machines for manufacturers to give

in advertising fliers and brochures sent to railroads.

Final report, presented as information page 522

521
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6. Study utilization of cars used by maintenance of way departments, such

as ballast cars, equipment transport, tie cars, rail cars, etc.

No report.

The Committee on Maintenance of Way Work Equipment,

F. H. Smith, Chairman.

Report on Assignment 5

Proposed Minimum Information About Machines

for Manufacturers to Give in Advertising

Fliers and Brochures Sent to Railroads

Joseph Kelly (chairman, subcommittee), R. W. Bailey, J. S. Collins, E. T. Daley,
H. F. Dully, W. D. Gilbert, G. J. Lyon, R. S. Radspinner, R. H. Richmond.

Your committee submits the following as a final report. The purposes of the

report are to: (1) Encourage manufacturers to provide enough information in

publications to assist in evaluation and purchase of equipment, (2) Standardize and
simplify maintenance of customer's library of roadway machine information, and

(3) Provide manufacturers with a base for preparation of machinery publications.

General:

1. Give manufacturers' name, addresses and phone numbers of plant(s) and

sales office(s).

2. Punch for three-ring notebook (sheet size 8/2 x 11).

3. Give date of issue and latest revision on each page.

4. Show at least three clear pictures of equipment from front, side and rear.

Performance Claims:

1. Final working forces (such as lifting, lining, extracting, driving, draw-bar

pull), state condition of measuring.

2. Travel speed—maximum on level, forward or reverse. Travel speed on 1%

grade.

3. Work speeds—define conditions.

4. Stopping distance—emergency stop on dry rail.

Physical Data:

1. Length—basic machine, maximum, travel and working.

2. Width—maximum, travel and working.

3. Height—maximum ATR, travel and working.

4. Clearance for road crossings, signal inductors, etc.

5. Dry weight at each wheel contact with standard equipment only. Weight
of options shown separately.

6. Wheel base.

7. Turntable clearance ATR, if so equipped. Describe safety lock.

Mechanical Data:

1. Engine—make, model, fuel, cycle, cid, governed rpm's, hp at governed rpm.
Describe air cleaner, oil filter and fuel filter.
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2. Clutch—make, model, type, size.

3. Transmission—make, model, type, ratios (plus separate maximum ratio and

lockup ratio for torque converter transmissions).

4. Final drive—direct on axle, gear, chain, belt or other, describe.

5. Fuel—capacity and usage under average conditions.

6. Axles—front and rear—journal size. Are standard axles (wheels) insulated?

7. Wheels—front and rear—type, size.

8. Brakes, sen ice—front and rear—make, model, surface size, type (air, hy-

draulic, mechanical, spring). Parking—emergency, describe.

9. Number of driving wheels.

10. Show description and availability of engine safety controls.

Hydraulic Data:

1. Manufacturer's recommendation for hydraulic oil, if any.

2. Reservoir—size and capacity in gallons, description of baffles and cleanout

3. Pump(s)—feed (gravity, partial pump vacuum, pressurized tank), make,

model, operating psig, operating volume, function and kind, each pump.

4. Specifications for hose and fittings.

5. Filters and screens. Describe and show location.

6. Motors—make, model, function, kind.

7. Coolers—flow capacity, back pressure, surface area.

8. Accumulators—size and type.

9. Maximum line flow velocity in feet per second in hydraulic system.

Electric Data:

1. Generator(s) and alternator(s). Describe.

2. Motors— (1 hp and larger) manufacturer, type, rated output, phase, volts,

demand.

3. Controls, fuses and breakers—general description, location and manufacturer.

4. Lights—location, description, state whether optional or accessory.

5. Horn(s)—state whether standard or accessory, kind—air or electric.

6. State standard battery size.

Ait System Data:

1. Reservoir size.

2. Compressor—manufacturer, type capacity.

3. Air tools—function.

4. Cleaners, dryers, oilers—describe.

Controls:

1. Separate between automatic, semi-automatic and manual.

2. Manufacturer and type.

Otlier:

1. Describe cabs, tops, etc. and state whether standard or accessory.

2. Describe windshield wipers.

3. Show spare parts and provision for storage.

4. Describe tools and provision for storage.

5. Show warranty period and conditions.

6. Does machine comply with AREA, Committee 27 specifications? Describe.
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Committee

° Died October 16, 1973.
( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To The American Railway Engineering Association:

Your committee reports on the following subjects:

1. Roadbed.

The subcommittee is proceeding with preparation of a preliminary

draft of a Roadbed Maintenance section for future Bulletin publica-

tion and eventual Manual revision.

2. Ballast.

A review of the entire Manual information is underway. A liaison with

AAR is of prime concern in rewriting the specifications in order to keep

abreast of ballast studies being conducted by others. Investigation into

a change in specifications for the Los Angeles abrasion tests for ballast

is being conducted, comparing the ASTM C 131 procedure with proce-

dure C 535.

3. Natural Waterways.

The committee is reviewing Manual material on Prevention of Erosion

for possible revision and updating.

525
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4. Culverts and Drainage Pipe.

Revised Specifications For Steel Tunnel Liner Plates were published as

recommended Manual material in Part 1 of Bulletin 645, November-
December 1973.

5. Pipelines.

The committee has been requested that consideration be given to

expanding Table 5.2.4.1.1 included in Part 5 of the Manual, page
1-5-8, beyond the 42-inch diameter limitation as now specified.

6. Fences.

The committee is investigating the need for security fence specifica-

tions.

8. Tunnels.

No report.

9. Vegetation Control.

Tentative Manual material for Part 9 of Chapter 1, including Section

9.1 Terminology, 9.2 Preparing a Vegetation Control Program, and 9.3

Executing a Vegetation Control Program, presented as information . . page 526

The Committee on Roadway and Ballast,

E. L. Robinson, Chairman.

Report on Assignment 9

Vegetation Control

H. C. Archdeacon (chairman, subcommittee), H. E. Bartlett, R. H. Bogle, Jr.,

F. B. Grant, T. J. Hernandez, P. R. Houghton, D. N. Johnston, J. H.
KmcH, G. D. Santolla, W. H. Stumm.

The following report on vegetation control, including a Terminology Section

and Sections on Preparing a Vegetation Control Program and Executing a Vegeta-

tion Control Program, is presented as information. Comments and criticisms are

invited. The committee proposes eventually to present these data for adoption and

publication in the Manual to replace present Manual material on pages 1-9-1

through 1-9-8, Chapter 1.

9.1 TERMINOLOGY
Acre—Along railroad right-of-way, approximately 8 ft wide by 1 mile long. (Actu-

ally 8 ft 3 in wide).

Absorption—Penetration and retention of herbicide through foliage or stems.

Adsorption—The adhesion of molecules of chemical to solids.

Basal—Lower portion of bare area of tree at groundline or root-collar.

Broadleaf—Plants with broad, usually compound leaves. Mostly low growing, 1-3

ft, but some species such as giant ragweed can reach 12 ft.
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Brush—Woody plants growing where they are not wanted.

Brush Acre—A solid acre of brush of varying height, generally 8-10 ft.

Carrier—A material with which herbicides are mixed and applied.

Chlorosis—Chemical plant injury evidenced by whitening or yellowing of the

foliage.

Conifer—A tree producing seed in a cone, generally having evergreen needles.

Deciduous—Having leaves which fall off seasonally, usually in Autumn.

Dilution*—Ratio of active ingredients to the carrier in which it is mixed.

Dosage—Amount of active ingredient or formulated product per acre.

Drift—Airborne movement of small particles of spray solution to areas outside of

the spray pattern during application.

Flammability—Susceptibility of a herbicide or treated area to ignition.

Foll\ge—Leaf area of a plant.

Formulation—Blending of a herbicidal mixture.

Grasses—Plants characterized by narrow leaves with parallel veins, by leaves com-

posed of blade, sheath, and ligule and by jointed stems and fibrous roots.

Herbicide—Chemical for control of undesired vegetation.

(a) Contact—Controls top growth by chemical destruction of plant tissue.

(b) Systemic—Mode of action depends upon translocation through leaf and

stem.

(c) Residual—A herbicide that persists in the environment for at least 3

months. Controls by absorption through the roots.

Hormone—A plant growth regulator, usually a phenoxy type chemical.

XoN-SELECTrvE Herbicide—Controls all species.

Phenoxy—A hormone herbicide, usually a formulation of 2, 4-D; 2, 4, 5-T or

their propionic homologs.

Prostrate—Flat on the ground.

Ratlng—The degree of control obtained expressed numerically.

Rhizome—A sprout from a node on an elongated, underground stem, from which

a new plant can develop.

Selective Herbicide—Controls only certain types of plants.

Species—A subdivision of a genus. A group of closely related plants descendent

from the same stock.

Surfactant—Surface active agent used for more uniform coverage of the herbicide

on the plant, and to increase absorption.

Translocation—The movement of chemical from leaves to other parts of the

plant.

Vines—Any plant which climbs by tendrils or other means, or which trails or creeps

along the ground. Stems can be woody or succulent.
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9.2 PREPARING A VEGETATION CONTROL PROGRAM

9.2.1 VEGETATION CONTROL METHODS
The methods employed to control vegetation on railroad rights-of-way may be

grouped into three general categories: controlled burning, mechanical control and

chemical control. In the course of developing a program, a determination must be

made of the method to be used. If the program is extensive, a combination of

methods may be desirable. The principal advantages and disadvantages of each

method are:

9.2.1.1 Controlled Burning

This method is the least important in terms of total usage. It is used prin-

cipally to remove dry vegetation from areas when fire hazards exist due to sparks

from locomotive exhausts or braking of trains. This removal of dry vegetation is

required by law in some states regardless of the hazards presented. A major objec-

tion is atmospheric pollution. Chemical or mechanical control can usually be sub-

stituted. But soil erosion may result if the soil is denuded.

9.2.1.2 Mechanical Control

Included in this category are methods involving the use of hand tools, such as

brush hooks, axes, and scythes, as well as all types of power equipment since the

results obtained are similar. The determination of where to use these mechanical

methods should be based on the degree of control desired and existing conditions.

Lawn maintenance by mowing in the vicinity of stations, offices, and other

facilities is part of the vegetation control program. Mowing may also be performed

on the rights-of-way where terrain permits and particularly in the area beyond

drainage ditches to the right-of-way line. It is in this area that ground cover is

usually desired. Reasons are:

a. Visibility adjacent to grade crossings.

b. Preventing the spread of weed seed onto adjacent farmlands.

c. Appearance.

The establishment of a permanent, maintenance-free ground cover may be justified.

Mowing weeds and grasses in the track and shoulder areas is also useful, principally

to cut down uncontrolled vegetation which interferes with the efficient performance

of duty by operating and maintenance personnel. The use of this practice in bal-

lasted areas will further contribute to the fouling of ballast.

Recent developments in mechanical control have been largely directed toward

brush cutting. Equipment is available to perform this work operating either on-

track, off-track, or with the flexibility of rail-highway equipment. On-track equip-

ment has the advantage of not having to operate over rough terrain. The area which

can be worked is limited by the lateral reach of the cutting equipment from the

track. Productive time may be limited with such equipment, depending upon the

density of rail traffic. Off-track equipment can work independently of train move-

ments and is not restricted by the distance from the track. This may be of par-

ticular value in working under communication and signal lines. Frequently, the

area covered per working hour may be less than with on-track equipment as the

equipment has to traverse rough terrain. While rail-highway equipment may be

more flexible in many cases by combining advantages of the other two types, its
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construction is such that it generally cannot cover terrain as rugged as equipment

designed exclusively for off-track usage.

The cost of controlling brush by mechanical methods is usually greater than

the cost of chemical brush control. Mechanical brush control is appropriate for loca-

tions where removal of all standing vegetation is required such as interference with

communication lines, clearances, or visibility. Once a knock-down of the brush is

accomplished, it will usually be more economical to control regrowth by chemical

than by mechanical means. Mechanical control may also be used where the use

of herbicide is restricted due to adjacent crops or ornamental vegetation.

9.2.1.3 Chemical Control

The predominate method of controlling vegetation on railroad rights-of-way is

with herbicides. Factors which contribute to this widespread usage include:

a. Economy.

b. Ease of application.

c. Ability to regulate degree of control, including percentage kill, duration

of control period, and selectivity.

d. Productivity which results in less demands on available labor and track

occupancy.

9.2.2 DEGREE OF CONTROL

Where controlled burning or mechanical control methods are used, the degree

of control obtained is usually a fixed characteristic of the method used. With chem-

ical methods the desired degree of control can be regulated with the area require-

ments and available funds. It is important to determine the degree of control

required by segments in the early stages of planning and develop the program in

accordance with these requirements. Degrees of control attainable are described as

follows:

9.2.2.1 Bare Ground

Complete elimination of vegetation is the most expensive degree of control.

Initial high rates of long residual chemicals followed by reduced rates are required.

This is usually desired around timber bridges, switch stands, fuel storage tanks, and

other structures and/or areas.

9.2.2.2 Short-Term Weed Control

This term denotes a high degree of vegetation control, but not to the extent

that bare ground is obtained. It involves the use of a herbicide or combination of

herbicides which produce a quick knock-down plus residual control for less than

a growing season. One or two treatments are necessary per growing season, depend-

ing on the chemicals used, the problems, and length of the growing season. It may

vary as to percent kill or control desired. This is usually desired in yards and ter-

minals, at highway grade crossings, on passing tracks and sidings, and such main-

track areas as hallast sections and shoulders.

9.2.2.3 Chemical Mowing

Non-residual herbicides are used to chemically burn down vegetation. One to

four treatments per year may be necessary, depending on rainfall and length of

growing season.
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9.2.2.4 Selective Weeding

This term denotes the removal of some species of vegetation without damaging

the desired species. It has a very limited application on railroad rights-of-way and

usually involves the control of such noxious species as bindweed, Johnson grass,

brush and marsh cane. This requires the use of specific chemicals.

9.2.3 DETERMINING SCOPE OF WORK

In order to properly determine the scope of work to be accomplished, it is

necessary to determine the reasons to control vegetation and the areas where this

control is desired. After this is determined, surveys may be conducted to determine

the work to be programmed:

9.2.3.1 Reasons to Control Vegetation on Railroad Rights-of-Way

In Ballast Sections:

a. Keep ballast draining properly.

b. Permit proper inspection of track structure.

c. Prevent wheel slippage or sliding.

Shoulders and Ditches:

a. Maintain drainage.

b. Provide safe walkway.

c. Inspection of trains.

d. Reduce fire hazard.

Around Bridges, Buildings and Other Structures:

a. Fire protection.

b. Permit proper inspection of structure.

c. Facilitate maintenance of structure.

Yards:

a. Safety.

b. Improve efficiency of yard operations.

c. Permit proper inspection of track.

d. Facilitate track maintenance.

e. Fire protection.

Noxious Weeds:

a. Health and safety of employees.

b. Comply with legal requirements.

c. Reduce spread to neighboring properties.

Signal Appurtenances:

a. To maintain visibility of signals, switch position indicators and derails.

b. To permit safe, efficient operation of switch stands and telephones.

Wayside Signs:

To maintain visibility of speed limit signs, whistle signs, mile posts, etc.

Signal, Communication and Power Lines:

To prevent service interruptions.
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Brush Adjacent to Track:

a. To permit inspection of moving trains.

b. To prevent close clearance hazards.

Highway Grade Crossings:

a. Sight distance for highway and rail traffic.

b. Comply with legal requirements.

9.2.3.2 Surveys

A number of methods may be used to determine the acreages involved in the

proposed program. Main-track weed control may be performed on the basis of a

fixed pattern involving a constant acreage per mile. This may or may not be supple-

mented by spot work, the density of which can best be determined by field survey.

Areas such as yards may require treatment of the total facility, in which case

acreages may be determined from plans. The determination for brush spray require-

ments usually requires field surveys. Treatment of such facilities as bridge and

grade crossings are usually calculated on a unit basis.

The methods of estimating may vary, depending on scope of the work, level

at which the estimating is done and degree of familiarity of personnel with actual

field conditions. In any case, it is necessary to define the phases of the program

contemplated and to determine quantities involved in each phase.

9.2.4 SCHEDULING OF WORK
The type of treatment used may impose limitations upon the season when the

work can be progressed. Availability of labor and equipment, climatic conditions

and requirements for track occupancy are important considerations.

9.2.4.1 Controlled Burning

This is usually performed in the autumn after the vegetation has become dry,

but before the first snowfall. Rainy weather may severely affect the ability to carry

out such a program.

9.2.4.2 Mechanical Control

Weather conditions often affect equipment mobility because of soft ground

or snow cover.

9.2.4.3 Chemical Control

To determine herbicides to be used for the control of weeds and grasses, it

must first be decided whether pre- or post-emergent applications are desired. Herbi-

cides with a contact or systemic mode of action are of no value in a pre-emergent

program. Such an application should be limited to residual-type herbicides. While

residuals are also of considerable value in post-emergent applications, they are

normally used in combination with contact and/or systemic materials in such pro-

grams. Factors such as prevalence of rainfall and length of growing season may
also be of significance in the determination of treatment schedules.

There are several chemical brush control treatments that may be used in a

program:

9.2.4.3.1 Summer Foliage

Such treatments are made after the brush reaches full leaf but while the brush

is still growing actively.
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9.2.4.3.2 Dormant Stem (Cane)

Such applications are made during late fall and winter while the brush is com-

pletely dormant. An advantage of this method is the elimination of potential damage
to adjacent crop lands that can be caused by drift in summer foliage applications.

9.2.4.3.3 Basal Treatments

These are generally individual stem treatments. This method can be used any

time of the year. The herbicide is directed to the basal area or stump and to the

root collare area. It is of particular value for control of cut stumps or for clean up

of scattered plants.

9.2.4.3.4 Soil Applications

Such applications are made by the use of pellets and liquids either by broad-

casting or by spot application on the ground around individual stems or clumps.

This type of application can be made at any time of the year except when the

ground is frozen. Also, rainfall is necessary to activate these materials.

9.2.5 CHEMICAL CONTROL—SELECTION OF HERBICIDES

9.2.5.1 Species to Be Controlled

An important consideration in herbicide selection is the kind of vegetation to

be controlled. Generally, vegetation is categorized as grasses, broad-leafed weeds,

vines or brush. Programming around such broad categories can frequently be bene-

ficial in that it will lead to the selection of herbicides that are reasonably effective

on many species which are included in the predominant category. There is con-

siderable variation in susceptibility of different species to herbicides.

Species resistant to the treatment being used become better established from

continued use of the treatment as the susceptible species are eliminated.

9.2.5.2 Determining Suitable Herbicides

Table 1 identifies many of the commonly used herbicides together with per-

tinent information. Many of the herbicides presently in use have been developed

within the past few years. The future will likely bring continued development of

herbicides. Personnel charged with vegetation management should keep abreast of

new developments.

A reliable source of data pertinent to a particular herbicide is the label which

is affixed to the herbicide container, and the literature which is used in promoting

the product. Literature is now considered to be a part of the official label by the

Environmental Protection Agency.

All labels require approval by EPA and must show the registration number of

EPA (usually at bottom of center panel on label) to be official. Herbicides cannot

be traveled either intra or interstate without this official label.

The Federal Environmental Pest Control Act of 1972 requires exhaustive

investigation and testing prior to granting of label approval. Many government

agencies are involved such as the Food & Drug Administration, Public Health, Fish

& Wildlife Service, Department of Agriculture, and finally the EPA.

In addition to performance data from all over the country, extensive toxicity

tests must be run before a herbicide label can be granted.

Climate and soil conditions affect the effectiveness of a herbicide. Therefore,

regional information published by state and federal agencies is often of value in

vegetation management decisions.
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9.2.5.3 Other Considerations

Prior to finalization of the choice of herbicides, a number of other factors

should be considered which might have an effect on their performance under specific

conditions. Significant factors are:

9.2.5.3.1 Soil Type

Soils are complex and vary considerably from one area to another due to their

composition. The basic materials from which soils are composed are: sand, clays,

silt, organic matter, and various minerals. The nature of and number of these indi-

vidual particles, to a large degree, determine what happens to a herbicide applied

to a soil.

9.2.5.3.1.1 Sand has very little ability to hold water or chemicals. Chemicals

will leach readily in soils that are high in sand.

9.2.5.3.1.2 Clay soils are generally more impervious to water and chemicals,

and, because of the small size and high number of particles, can tie up a sizeable

percentage of herbicide by absorption. Clays vary in their absorption characteristics;

for instance, clays of the Midwest may be as much as three times more adsorptive

than clays in the South and Southwest.

9.2.5.3.1.3 Silt is comparable to sand in its adsorptive properties.

9.2.5.3.1.4 Organic content is important to characteristics of a soil. It is similar

to clay in its ability to tie up chemicals. It is also a media for microscopic life,

many chemicals being attacked and broken down by soil microbes. If a chemical

is subject to microbial breakdown its life in organic soils is usually shortened.

9.2.5.3.2 Rainfall

Rainfall is a primary factor in determining the herbicide to be used. The

amount of water to a high degree determines the types of plants that will grow in

a specific area. It is also necessary to activate residual herbicides.

During drought periods, plants usually undergo growth stress conditions, caus-

ing most translocated chemicals to perform poorly. Contact-type chemicals usually

do not perform well under drought conditions as the plants produce heavy, wax

or corky layers of tissue on leaves or stems to protect against excessive transpiration

losses. During dry periods herbicides remain on the soil surface until moisture is

received to dissolve and carry them into the root zone. Low solubility compounds are

usually used in heavy rainfall areas and higher solubility compounds in arid or semi-

arid regions.

9.2.5.3.3 Length of Growing Season

Along with soil type and rainfall, length of growing season is an important

factor in selecting the proper herbicide. Normally, the longer the growing season

the more resistant is the vegetation. This necessitates higher rates to realize a given

degree of control. Also, the combination of long growing season and high rainfall

results in the leaching of residual chemicals below the root zone, requiring multiple

applications.

9.2.5.3.4 Toxicity

Relative toxicity may be a factor in the selection of the herbicide to be used.

Both oral and dermal toxicities of herbicides are listed in Table 1. (See Manual

page 1-9-9). The LD-50 system of rating oral toxicity is explained in Table 2.

(See Manual page 1-9-14).
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9.2.5.3.5 Governmental Regulation

The Federal Environmental Pest Control Act provides guidelines and authority

for regulating and enforcing the proper use of herbicides.

Railroads engaged in vegetation control programs, whether contractor or self-

applied, should be sure that proper licensing in the states where applications are to

be made has been obtained. Consult the State Pesticide Control office (usually at

the State University) for proper licensing procedure.

9.2.5.4 Selection of Herbicide

These variables point out that there is no ideal herbicide for all applications.

There may be two or more materials of comparable suitability. At this point, rela-

tive economy may be the decisive factor. Even the most economical herbicide (or

combination) may cost more than funds available. In such a situation a review of

the desired degree of control may be in order. If the original proposals are to be
adhered to, then low priority items should be eliminated from the program rather

than apply an insufficient dosage over the entire territory.

9.2.6 SELECTION OF EQUIPMENT

9.2.6.1 Controlled Burning

Principal equipment consists of on-track weed burners and hand-carried torches

utilizing various petroleum products. Where this method is used, it is important to

provide adequate protective equipment (such as mobile water tanks).

9.2.6.2 Mechanical Control

9.2.6.2.1 Weeds and grasses

Both on-track and off-track equipment is available. On-track equipment is

limited in lateral reach. Both sickle-bar and rotary type equipment is available.

9.2.6.2.2 Brush

Equipment is generally of the rotary type. On-track, off-track and highway-
railway equipment is available. On-track and highway-railway equipment is avail-

able with varying lateral reaches and may be of the single- or double-arm type.

Off-track equipment may be rubber-tired or caterpillar type and cutters may be

either underslung or towed. Manually operated equipment consists of either chain

saws or rotary saws. It fits on terrain inaccessible to heavy equipment and for spot

removal of large trees.

9.2.6.3 Chemical Control

9.2.6.3.1 Spray Trains

Such equipment is capable of transporting large quantities of herbicide and
diluents. Daily productivity is high on long runs. It loses much of its efficiency in

terminal areas and on short branches. Multi-treatment capabilities are also possible.

Require use of an engine and operating personnel.

9.2.6.3.2 Highway-Railway Trucks

Principal limitation is the tank capacity—1000 to 2000 gal. The trend to lower

volumes is increasing the capability of this equipment. They are mobile and require

fewer personnel to operate them than spray trains.

9.2.6.3.3 Dry Material Spreaders

They are capable of dispensing granular and pelletized materials and units are

available as wheelbarrow hand spreader and powered types. They are of particular
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value in reaching areas not readily accessible to spray equipment. Calibration is

generally less accurate than with spray equipment.

9.3 EXECUTING A VEGETATION CONTROL PROGRAM
9.3.1 PROGRESS REPORTS

Accurate records can serve a number of purposes. Some of them are:

a. Day to day policing of progress of work and material usage. Information

furnished may justify modifications in the program.

b. Provide the means for developing actual costs. Knowledge gained may
serve as the basis for changes in future programs.

c. Provide data on actual productivity. Can be valuable in planning schedules

for future programs.

d. May provide evidence needed in case of claimed damage.

When establishing a record-keeping system the following guidelines may be
considered:

a. Determine purposes for which records are intended and design forms to

conform to these purposes. Don't collect data that will never be used.

b. Determine whether it is practicable to attain the information desired.

c. If a contract operation is involved, determine information that contractor

will provide and whedier it meets railroad's requirements.

d. It is necessary that daily records be transmitted promptly to all involved

personnel.

9.3.2 TECHNIQUES OF CHEMICAL CONTROL

9.3.2.1

Herbicides are available in various preparations. Field personnel should be

familiar with these formulations and their requirements, prior to the start of appli-

cation. The formulations in general use are:

9.3.2.1.1 Sprays

a. Water solutions—completely soluble in water.

b. Emulsions—a mixture in which small droplets of one liquid are suspended

in another. A water-in-oil emulsion is known as an invert emulsion.

c. Wettable powders—Powders that readily suspend in water.

d. Soluble powder—A powder that dissolves completely in water.

9.3.2.1.2 Formulations for Dry Applications:

a. Granules—A carrier for the herbicide.

b. Pellets—A homogeneous formulation of a herbicide.

9.3.2.2

9.3.2.2.1 Mixing and Agitation

Most solutions applied for weed control are prepared in the field. Concen-

trate chemicals are diluted to prepare and maintain homogeneous mixtures for

application with calibrated equipment.

9.3.2.2.2 Calibration

To insure the proper rate of applications of the prescribed chemicals, a cal-

ibrated meter must be included in the system and the following must be taken into

account:
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a. Number of outlets

b. Size and capacity of nozzles (orifice size)

c. Dilution ratio of chemicals

d. Operating pressure

e. Speed of application equipment

A check of the proper calibration should be made before initial operation begins

and re-checked daily to assure continuity of the proper rates of application of the

chemicals.

9.3.2.2.3 Speed and Pressure Control

Speedometers and pressure gages should be integral parts of any application

equipment. A change of speed will disrupt the calibrated dosage of chemicals unless

the operating pressure is also changed at the same time, i.e., an increase in speed

will reduce the dosage of materials and thus, the operating pressure must be

increased to offset this difference.

9.3.2.2.4 Clogging of System

Clogging, or any obstruction in the spraying system, is detrimental to good

vegetation control practices. To counteract this possibility, strainer units are placed

in the system, preferably ahead of the intake side of the pump. In some cases,

strainers are provided in the head of the nozzle.

Clogging can be caused by:

a. Accumulation of rust from distributing containers and chemical pipe lines.

b. Silt, sticks and stones from water sources.

c. Precipitation of chemicals caused by improper mixing techniques.

d. Accumulation of improperly agitated, unsoluble residuals in the chemical

pipe line and/or pump volute.

9.3.3 PRECAUTIONS

9.3.3.1 Burning

Control of vegetation by burning introduces a number of hazards. Before

burning is undertaken sufficient protection should be on hand to prevent the spread

of fires to adjacent property. Burning should be avoided in the vicinity of wood
bridges and other structures. A less obvious but potentially serious hazard is the

possibility of fires becoming established underground in cinders, peat and wood
chips, which may go undetected until well established. They can be difficult to

extinguish and may result in collapse of the roadbed.

Air pollution caused by burning is of increasing concern and is sometimes

prohibited by law.

9.3.3.2 Mechanical Control

In the selection of equipment for a particular job consideration should be given

to its suitability for the use contemplated. Some of the more common safety

hazards are:

a. Overturning on slopes.

b. Flying objects from cutting blades.

c. Presence of stone, scrap, cable, wire, etc.

d. Stumps and stubble.

e. Hand tools (chain saws, etc.)—exposure to cutting edges.

f. Danger of falls during manual work on steep slopes.
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9.3.3.3 Chemical

When applying vegetation control chemicals, the possibility of wind causing

drift of the spray mix materials should be considered. Spray drift can cause damage

to susceptible crops and ornamentals that are adjacent to the right-of-way and may
result in litigation. Application should immediately cease if the herbicide cannot

be confined to the target area.

Individual state statutes should be considered regarding wind velocity.

Application techniques, mechanical devices and/or drift control agents may be

utilized to control drift.

Rain can be both beneficial and harmful. Rain does provide the moisture

necessary to maintain the plants in an active, growing state, which permits the

uptake of the applied herbicides and to carry residual chemicals to the root section

of the plants.

On the other hand, immediately after treatment it can wash the chemical from

the plants (as in the case of contact herbicides) and/or cause run-off of the chem-

icals out of the target site.
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Final report, presented as information page 540

6. Computer Room Design.

No report.

539
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7. Pneumatic Tubes.

Final report, presented as information page 547

8. Portable Prefabricated Buildings.

No report.

The Committee on Buildings,

F. D. Day, Chairman.

Report on Assignment 5

In-Floor Conveyor Systems

D. F. Logan (chairman, subcommittee), W. F. Armstrong, R. Hale, L. S. New-
man, L. J. Nichols.

Your committee submits the following report as information:

Foreword

The in-floor conveying system is a tool for handling materials. The system has

applications in manufacturing, storage, and almost any activity in which movement
of materials is involved. However, this report will be concerned only with the

in-floor conveying system and how it is related to the transportation industry.

The purpose of this report will be to assist the railroad architect/engineer to

determine when an in-floor conveying system is feasible, and if so, how to design

and specify it.

The in-floor conveying system referred to in this report will be a motor driven

chain moving a cart around a loop. The chain will travel beneath the floor and

be connected to the cart by a retractable pin.

The system may be as simple or as complex as conditions require. The single

loop is the simplest installation. A more sophisticated system may include two or

more loops connected by powered interchanges. To each loop may be added any

number of non-powered or powered spurs for storage of carts.

The carts may be programmed for routing to any desired loop or spur. Carts

are automatically shunted into proper spurs by mechanical or electrically operated

switches. Switches are actuated by probes attached to the carts.

Any combination of loops, transfers and spurs may be combined to satisfy the

particular requirements of each location.

The in-floor conveying system is normally located in a combination rail-truck

terminal. The system may be added to an existing facility or include in the design

of a new facility.

In planning a new facility it is advisable to allow for expansion. By planning

ahead and arranging joints the concrete tow path may be more easily extended.

History

The earliest in-floor conveying systems consisted of a single loop. The carts,

loaded and unloaded, circled continuously until removed from the chain.

A refinement was the addition of spur paths for holding of carts. In a non-

powered spur the following cart bumps the switched cart until it clears the main-
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line path. A powered spur moves the cart to the end of the path. In both cases,

when the spur is filled, a sensor will actuate the switch to refuse any more carts.

Transfers were then added between loops to make the system more flexible.

Later developments include weigh-in-motion scales, elevators, in-face connections

with other conveyor systems, automatic loading and unloading, and many others.

The billing, routing, inventory and many other operations in freight handling

may be coordinated with a computer to further streamline the operation.

The request for an in-floor conveyor system originates with the operating

people. The burden of justifying the capital expenditure falls on them but the

architect or building engineer can assist in determining the feasibility of installing

such a system.

To do so, the architect/engineer must familiarize himself completely with the

operation. He should spend as much time as necessary to observe the procedure,

in the case of an existing operation, to determine shipment sizes, schedules, peak

periods, personnel utilization, etc. He should study freight records to get the com-
plete situation. In the case of a new facility, the operating people will have projec-

tions, schedules, etc., to give a picture of their proposed operation. All this infor-

mation is necessary to determine if a convey or system is feasible and desirable.

Terminals report that by hand trucking production is about 1600 lb of freight

handled per manhour. With an in-floor conveyor system, using spurs, production is

approximately 2000 lb, a 25 percent increase.

One manufacturer says that on a dock 300 ft or longer handling 500,000 lb

or more of L.T.L. freight per day, the savings in walking costs alone make probable

an in-floor conveyor system payout of two years.

Preliminary Design

From a study of operations and records or projected data, the volume of freight

to be loaded or unloaded and the amount of time available is known. If the average

weight of the shipments is 400 lb per cart and the volume is 4,000 lb per minute,

a chain speed of 120 ft per minute with carts on 12-ft centers will bring 10 carts

per minute past a point. Some carriers want 180 ft per minute speed and as little

as 6 ft on centers on the dogs.

For preliminary planning some designers use one cart per foot of dock length.

With a preliminary design a cost estimate can be prepared and the economic
feasibility determined.

After the feasibility of an in-floor conveyor system has been established by
the architect/engineer and operating personnel, it is advisable to employ a con-

sultant in material handling to make the most advantageous layout, particularly if

the operation is a complicated one.

The physical layout is necessarily dictated by operational requirements although
experience and material limitations of the equipment and freight have developed
some general spatial requirements.

a. The minimum radius of 90-deg turns is 6 ft.

b. Parallel chain paths should not be closer than 15 feet to permit carts

with overhanging loads to pass. Additional space is required if carts are

stored between paths.

c. The chain path should be approximately 16 feet from the edge of the
dock to allow working room, and a minimum of seven feet clear from
any obstruction.
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d. Spurs for holding carts may be parallel to the chain patch or perpen-

dicular to it depending on the area available.

e. Where switching is used, the dock should be a minimum of 85 feet wide.

f. Docks as short as 300 feet in length may economically utilize switching

but the whole operation must be studied.

g. Drive pits are required for approximately every 1,000 feet of chain.

h. Allow maneuvering room for fork lift trucks to handle large and bulky

shipments that can not be handled by tow carts.

Typical in-floor conveyor layouts are shown on page 543.

Structural Requirements

The main feature of the in-floor conveying system is the steel tow chain. It is

not unlike the familiar bicycle chain but much heavier and is equipped with special

links called "dogs." These "dogs" engage the cart tow pin and moves the cart along

the path of the chain. One type of chain is supported on small wheels or rollers

and is guided by two steel channels embedded in the floor slab. This type requires

a track approximately 7 in deep and 6 in wide. A new design has eliminated the

rollers and the chain slides on a hardened steel plate in the bottom of the track

channel. The channel to accommodate this chain is approximately 3 in deep and
2M in wide.
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(a) Single Loop.

(b) Single Loop with Spurs.

(c) Double Loop with Interchange & Spurs,

_U

(d) Triple Loop with Interchange & Spurs.
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The chain is driven by a sprocket attached to a speed reducer and an electric

motor. The drive assembly is installed in a pit in the floor. Motor size varies with

cart loading, chain speed and length. For long chains (approximately 1,000 ft per

drive) two or more pits are required.

All accessories require wider and deeper floor sections and must be considered

in the actual layout and detailing of the floor slab.

In case of jamming or other emergency conditions, limit switches will cut-off

power to prevent injury or damage. Horns or bells are provided to warn of start up.

The concrete of the tow path should be dense, finished smooth and preferably

receive a surface hardener.

The surface of the tow path must be held to very close tolerance ± A in. in

cross level to minimize wear on the chain and tow pin.

The path in the longitudinal direction should be as smooth as possible to pre-

vent jostling the cars and subsequent damage to freight. However, the chain, when

properly designed, can negotiate ramps, cross railroad tracks, in face with other

conveyors and perform many other specialized functions.

The in-floor conveyor system requires periodic cleaning and maintenance, as

any other piece of machinery. The manufacturer provides access boxes for removing

trash and dirt that accumulates in the floor channel. Usually an automatic oiling

system is provided to lubricate the chain.

Included is a set of typical specifications for an in-floor conveyor system.

Carts are normally an item of equipment and purchased separately by the

operating agency.

IN-FLOOR CONVEYOR SYSTEM (SAMPLE SPECIFICATION)

1. Scope

Furnish all labor, materials, tools, equipment, motors, control panels and

installation as required for an in-floor conveyor system.

The system shall be a continuous, endless, sliding chain conveyor of the low

profile design to pull carts through-out the freight house in an uninterrupted, steady

flow. There are to be no spurs. The path of the conveyor shall be as shown on the

drawings.

2. Work and Materials Not Included in This Section:

a. All concrete work, including drive pits.

b. Conveyor carts.

c. Electrical wiring, connection of controls, etc. by Electrical Contractor.

3. General Design Requirements:

a. General.

1. Conveyor Type—Low profile.

2. Length—Initial installation 1,114 ft approximate; future 1,394 ft.

3. Speed—125 ft per min under full design load.

4. Pusher spacing—8 ft 8 in minimum, 9 ft 4 in maximum.

5. Cart size—36 in x 52 in and 32 in x 48 in (all existing).

6. Conveyor loading:

Initial—124 pushers—100%—with loaded carts at 1,180 lb each gross

weight. Future—155 pushers—100%—with loaded cars at 1,180 lb each

gross weight.
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7. Drives—Two drive units shall be installed and designed for proper power

to accommodate loads specified for "Future" system, i.e., 155 pushers

plus chain weight. Power for drive units shall be 277/480 Volts, 3 phase,

60 cycle service. Motors to be open drip proof type.

4. Materials

Chain shall be the low profile type sliding chain. All chain sliding surfaces,

rivets, or pins are to be induction hardened to an average hardness of 55 R.C. Pusher

dogs are to be provided as previously specified under General Design Requirements.

Pins for coupling and uncoupling the chain are to be provided on centers no greater

than the pusher spacing. The chain shall have a working pull rating of 3,000 lb

minimum.

Track shall be made of welded plates or formed steel of i
s
s-in minimum thick-

ness having a maximum outside dimensions of 2 ft 0/1 in wide by 3 in deep. The

track shall be complete with a replaceable iVin-thick slide plate consisting of C-

1045 steel. The track top plates shall be of such thickness to provide a 1-in opening

for cart tow pins and a minimum of /i-in depth contact wearing surface to the cart

tow pins. The top plates shall be of manganese vanadium steel and be continuous

throughout the system.

Turns shall be heavy-duty roller or an auxiliary roller chain assembly. Roller

chain assembly shall have adjustable take-up for the auxiliary roller chain. Each

turn shall include two 6-in-deep cleanout boxes, one in advance of the turn and

one at termination of the turn. The outside top cover plate shall be ^-in-thick man-

ganese vanadium steel and the slide plate shall be replaceable iVin-thick C-1045

steel. Top plates shall be removable.

Track and Turn Protection shall be furnished by the conveyor contractor. The
"stuffing material" may be either factory installed, or applied on the job site. The
"stuffing material" shall be such material that will not protrude above the finish

surface and will prevent foreign material from entering during concreting work or

prior to installing chain. The conveyor contractor shall be responsible for protection

of and removal of stuffing material. Steel banding or taping of the track will not

be acceptable.

Intermediate Cleanout Boxes shall be provided on approximately 100-ft cen-

ters on straight sections of track. Cleanout boxes shall have removable cover plates

of ^-in-thick manganese vanadium steel.

Drive units shall be sized for 125 fpm constant speed and for a maximum nor-

mal chain tension of 3,000 lb per drive and to satisfy the requirements of the "con-

veyor system loading" as outlined elsewhere in these specifications. Each drive unit

shall be equipped with the following:

1. Fluid coupling between motor and reducer to give smooth starting.

2. Provision for accumulating minimum 24 in of slack chain before link

removal is required.

3. A solenoid controlled lubricator which will apply lubricant to the chain

and teeth of the drive sprocket.

4. An adjustable electrical overload control which will sense a drop in chain

speed caused by an overload or jam, and sense the presence of excessive

slack indicative of a chain separation.
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Drive pits as shown on the drawings are for general contractor's bidding pur-

poses only. Certified construction prints shall be furnished to the chief engineer and

the general contractor by the conveyor contractor in not more than two weeks after

award of the contract.

Drive pits shall be of sufficient size to permit proper servicing of the drive

unit. An access door in the drive pit cover plates shall be provided in a position

such that it may be opened while the conveyor is running and be clear of the cart

wheels. Pit cover plates shall be of sufficient thickness with proper supports and

reinforcement to withstand single wheel loads of 5,000 lb without permanent deflec-

tion. Cover plates shall be secured by means of flathead bolts, countersunk into

plates. Plates on either side of the tow pin path shall be %-in manganese vanadium

steel.

Curb Angles with adequate anchors are to be furnished by the conveyor con-

tractor for all formed pits and be set by the concrete contractor.

Controls are to be provided by the conveyor contractor as follows:

1. One Master control panel NEMA-12 enclosure with circuit breaker, neces-

sary non-reversing magnetic starter size No. 2 for 480 volts, 3 phase, 60

cycle, adjustable timer for warning horns, control transformer to supply

110 volts, 60 cycles, control circuit, main start-stop button with indicating

light, overload or "jam" light, and reset button.

5. Workmanship

The conveyor contractor shall install the system by the prepared trench method.

The track shall be set to design elevations, alignment and have proper anchorage

for placing of concrete pads at 5-ft intervals and final placing of tow path concrete.

The conveyor contractor shall be responsible for re-checking elevations and

alignment after placing of pads and before they set up.

All fields splices of the conveyor track shall be made in such manner that all

wear plates are level, true and plumb.

All motors, gears and shafts shall be accurately aligned to prevent excessive

stresses, overload and wear.

The system shall be properly lubricated, oiled and test run by the conveyor

contractor for a period of eight hours. The first two hours shall be under no load

condition and the remaining six hours under half load conditions. All necessary

adjustments, tightening of bolts and removal of chain slack shall be made prior to

acceptance. Conveyor contractor shall be responsible for subsequent "de-bugging"

and associated adjusting until system runs smoothly. Railroad not to accept com-

plete job until this has been accomplished.

6. Spare Parts

The conveyor contractor shall furnish the recommended spare parts necessary

for maintaining the system in working order under normal operation. No parts for

major overhaul are to be included.

7. Guarantee

The conveyor contractor, at his own expense, shall repair, replace and/or rectify

any defects in the system resulting from improper workmanship or materials that

may appear within one (1) year after date of acceptance of the completed facility,

except for chain and slide plates which shall be warranted for a period of five (5)

years against wear out or replacement. Normal breakage due to jamming or neglect

excluded.



Buildings 547

Report on Assignment 7

Pneumatic Tube Systems

H. R. Helker (chairman, subcommittee), A. C. Cayou, I. G. Forbes, S. B. Holt,
L. S. Newman, H. A. Shannon, Jr.

Your committee submits the following report as information.

Pneumatic tube systems have been recognized for years as one of the most

economical means of connecting offices, departments, and buildings. Early use of

pneumatic tubes was largely in department stores for change-making and credit

authorization. More recently they have spread into all phases of commerce and

industry.

There are pneumatic tube systems specially engineered for a wide variation of

applications. The systems vary from simple two-station, direct-service type, to com-

plex systems serving many stations with carriers automatically directed through

the system.

Pneumatic tube applications can be divided into the following general categories.

A. Conventional Systems

1. Twin Vacuum Systems- (See Fig. 1)

The twin tube vacuum system directly connects two stations with a single air

circuit. Air enters at open dispatcher at point A and propels carrier to station B by

vacuum created by compressor C. At station B air is bypassed to return dispatch

line to propel carrier back from B to A. To serve additional stations similar inde-

pendent circuits may be added as needed. Large multi-station systems require a

central transfer station manned by an operator. (See Semi-Automatic System).

2. Tandem Twin Vacuum Systems (See Fig. 2)

The tandem twin vacuum system serves two or more terminal stations with a

single air circuit. An extension of the twin vacuum system, it operates satisfactorily

within certain application limitations. Sen ice points should be close and carrier

traffic should not be so heavy that it causes operational interference. The same air

circuit serves several stations by means of bypass arrangements.

3. Two-Way Combination System (See Fig. 3)

This system serves two or more stations with a single air circuit and is

applicable for relatively- light traffic or short lines. To eliminate operational interfer-

ence the two-way dispatcher at point A permits entry of propelling air into only

one line at a time. This type of circuit is also available in 3, 4 or 5 way com-
binations.

4. Single Tube Vacuum Pressure System (See Fig. 4)

This system carries the traffic in two directions by reversing the air flow in a

single tube. This system is ideal for carrying heavy loads over long lines. Volume
of traffic should be relatively light.

5. Semi-Automatic Systems (Expansion of Twin-Vacuum System)

Semi-automatic systems can be installed where space limitations preclude the

use of conventional or other types of direct-service systems. It offers carrier dis-

tribution to a great number of stations using comparatively few tubes. Service is
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FIG.2



Buildings 549

TWO-WAY COMBINATION SYSTEM
FIG. 3
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SINGLE-TUBE VACUUM-PRESSURE SYSTEM
FIG.4
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SINGLE LOOP AUTOMATIC TUBE SYSTEM
FIG. 5

centralized at one point and requires an operator to relay carriers. The system uses

station indicating rings on the carriers to visually convey destination information to

the central station operator for relay purposes.

B. Automatic Systems

Conventional systems should be given first consideration for relatively simple

station-to-station service because they provide dependable and trouble-free circuits

at minimum initial and operating cost.

Where requirements are more complex, tube suppliers offer a range of auto-

matic systems that can serve any reasonable number of stations and they may offer

advantages over the conventional system. Automatic systems do not require a cen-

tral desk or operator to transfer carriers. This function is done automatically in a

spacer or transfer unit.
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Automatic systems require less tube runs than needed in a conventional system.

This saves space and installation cost. In some instances automatic tube systems

cost less than an equivalent conventional system.

Automatic systems are available in single loop or multi-loop installations. (See

Figs. 5 and 6.)

There are three main types of route selection equipment. The first two are

"carrier selective," that is, you select the destination on the carrier itself. There are

the brush type and the magnetic type. Th third type of route selection is the

"station selective," in which the address is transmitted electronically from sending

station.
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1. Brush Type

Brush type carrier switching is automatically accomplished with a special car-

rier having fixed contact rings exposed on the carrier body. There are also rotatable

selection rings on the carrier that actuate, by means of their relative position, brush

contact switching units to direct the carrier destination. Advantages of the brush

type system are the comparatively low initial cost and an almost unlimited number
of stations that can be installed on one system.

2. Magnetic Type

Magnetic type carrier switching uses special carriers equipped with manually

indexed combination of fixed and movable magnets that electronically actuate car-

rier destination selections. Each switching point automatically passes or diverts the

carrier depending on the particular alignment of magnets mounted on the side of

the carriers. The carrier magnets passing through a wound coil generate a voltage

pulse that is electronically amplified to acuate proper electronic switches. The mag-
netic system is well suited for contaminated environment involving metal dust,

grease, etc. and is adaptable for use in explosive areas.

3. Station Selective Systems

Station selective systems use electrical wiring to transmit the destination from

the sending station to the control panel. The control panel then puts the address

signal into effect. When the carrier is dispatched the destination is punched or

dialed and the carrier routing is automatically made. The master control panel only

moves the carrier from the station when the route is cleared. The station selective

systems use standard low cost carriers. Operation is from a master control panel

that electrically actuates telephone type switching relays by dial or push button

signals from a station. When dispatching a carrier from a station, the operator places

a loaded carrier into the dispatch chamber and dials or sets the number of the

desired destination station. The master control takes over at that point and directs

the carrier, in its proper turn, to the indicated destination. Carrier traffic within the

system is also sequenced by the master control panel. This will eliminate the possi-

bility of overloading the system until the destination loop is clear.

C. Standards Available

Pneumatic tube systems in most instances are made up of industry standard

components, carriers, stations, tubes, bends, etc. Standard equipment is available

in a broad range to suit most requirements; however, equipment selection requires

considerable planning. Most material suppliers offer engineering assistance as part

of their services.

The basic element of any system is the carrier. Carriers range in size from

2/4 in. in diameter through a complete size range to a 6- by 12-in rectangular

carrier in standard 15-in lengths.

Any of the standard components can be modified to suit particular require-

ments; for instance, the 6- by 12-in carrier can be increased in length to 60 in.

Pneumatic Tube Selection Guide

1. Determine points to be served, traffic flow between these points, and type

of material to be carried.
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2. Select the carrier that will most conveniently handle the load. The carrier

determines the tube size and design.

3. Decide on conventional or automatic operation that will best serve the re-

quirements. Items to be considered are: traffic flow, frequency of transmission, fu-

ture requirements, physical layout of facility and system, and economics.

4. Choose best suited station equipment

5. Estimate length of tube runs and air circuit requirements both present and

future.

6. Select proper power unit to fit air requirements. This is based on the tube

size, length of air circuit, carrier loads, and future requirements.

7. Determine electrical characteristics.

Compressor Data

Pneumatic tube systems are normally operated by a turbo-compressor. Turbo-

compressors are centrifugal-type constant pressure units. This means the speed of

the impeller is fixed with the pressure or vacuum remaining constant, while the

volume or cfm varies with the horsepower applied. Since the pressure of a given

compressor is fixed, the turbo units have certain operating limits for propelling a

carrier through a system. Manufacturers provide selection charts and design data

for selection of a compressor. The volume (cfm) will determine how many air

circuits a given compressor will handle.

The system efficiency is determined by:

1. Friction loss within the tube.

2. Speed of air.

3. Efficiency of the carrier.

4. Total weight of carriers.

5. Air leakage for the installed system.

There are five basic determinants for specifying tire proper power units.

1. Tube size.

2. Number of air circuits.

3. Longest air circuit.

4. Type of system.

5. Number and load of carrier traffic.

Based on these factors, the manufacturer's charts or design procedures may
be used for compressor selection.

Tube Types

Tube systems sizes are entirely dependent on the system carrier. The type of

tube is dependent on the environment where it is to be installed. Tubes can be

supplied in brass, aluminum, steel (standard or heavy-gage ) , lacquered or gal-

vanized. Joints may be slip-type sealed, welded, brazed or flange type.

Outside runs should be galvanized steel or aluminum.

Underground runs for direct burial should be "mill-wrapped" tubing. Wrap-

ping should consist of plastic coating. Underground lines should be avoided where

possible.
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Installation Notes

Tube runs should be made parallel to building walls and as accessible for

installation and service as possible.

Tube run hangers should be spaced according to manufacturer's standards.

Hangers for one or two lines should be /s-in rods, attached to tube clamps and

structural steel. Supports for vertical runs should be clamp type fastened to struc-

tural columns, walls and floors. Tube spacing clamps should be used when two or

more tubes are run together. All lines should be braced against motion.

Exterior tube lines above ground may be attached with brackets directly to

poles, or when greater pole spacing is required, tubes may be hung on catenary

suspension systems.

Electrical Controls

Controls should be NEMA 1.

Motor types should be as specified. They are normally open, drip-proof, squir-

rel-cage, and designed for continuous operation. The motors should operate with-

out exceeding a rise of 40 C above a normal ambient temperature of 40 C, and

have across the line remotely controlled magnetic starters. Indicate electrical char-

acteristics required.

If single phase motors are specified they should have built-in overload pro-

tection.

GuroE For Railroad Drawings

Railroad drawings should include:

1. Tube size.

2. Terminal types and locations.

3. Tube run locations.

4. Required clearances.

5. Blower location.

6. Special items.

Guide Specification Outline

I. Scope of work

A. Description of System

1. Location: Tube and Station

2. Size

3. Type

B. Drawings required

1. Tube location

2. Required openings

3. Route

4. Pole bracket suspension system

5. Pole sizes

6. Blowers

7. Electrical and Signal characteristics
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II. Material

A. Standard required

B. Tube specifications

1. Size

2. Material

3. Bends

4. Connections

a. slip joint

b. flared gaskets

c. collars

C. Expansion joints

1. Intervals

2. Anchors

3. Temperature variation

4. Types

D. Terminals

1. Type

2. Size

3. Exposed

4. Flush

5. Operation

E. Carriers

1. Type
2. Size

3. Shape

F. Air Compressor

1. Design speed of carrier under full load

2. Intake filters

3. Exhaust silencers

4. Control valves

G. Moisture Collecting Chambers

Provide a moisture collecting chamber to trap any condensation or mois-

ture that might accumulate inside the tubing, at intervals recommended

by the manufacturer

H. Tube Supports, Etc.

1. "A" Frame supports

2. Catenary suspension

3. Guy wire, anchors, and protectors

4. Posts or poles

I. Automatic switching

III. Electrical Equipment and Wiring

A. General

1. Wire

2. Control and signal equipment

3. Motors, starters and controls

4. Timing devices
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5. Relays

6. Push button stations

7. Signals

8. Transformers

B. Electrical characteristics of system

1. Power requirements

2. Signal wiring, voltage

C. Motor and Starters

D. Wiring

1. Power requirements

2. Conduit and junction boxes

3. Signal wiring between stations

E. Grounding

IV. Installation

A. Straight, level, plumb braced against motion caused by passage of carrier

B. Patch openings caused by installation

C. Lubrication

D. Painting

V. Guarantee
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Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

The subcommittee has approved the decimalization and reorganization

of Chapter 7. At the present time, the entire committee is being

polled. It is anticipated that the fmalization will be completed in early

1974.

2. Grading Rules and Classfication of Lumber for Railway Uses; Spec-

ifications for Structural Timber.

The subcommittee has completed the revisions of the grading rules for

southern pine. They are progressing the revisions of grading rules

for all other species.

3. Specifications for Design of Wood Bridges and Trestles.

The subcommittee held a two-day meeting in September. Their entire

section of Chapter 7 is being revised. The revisions have been com-

pleted and are now out for approval to the subcommittee. If approval

is received, it will then be submitted to the entire committee in early

1974.
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4. Methods of Fireproofing Wood Bridges and Trestles, Including Fire-

Retardant Paints.

The subcommittee is preparing a summary report for submission to

the committee during the first half of 1974.

5. Design of Structural Glu-Lam Wood Bridges and Trestles.

The subcommittee is now revising and updating the design spec-

ifications for glued-laminated members to include the latest technology
available.

6. Evaluation of Cost of Various Sizes of Bridge Timbers.

The subcommittee is preparing a final report. After the submission

of this report, permission will be sought to drop this assignment.

7. Repeated Loading of Timber Structures.

The subcommittee, in evaluating Report LT 342 dated December
1972, has found some serious errors that have rendered part of the

data invalid. Report LT 342 will be revised and re-issued. This

assignment will be progresed as funds for further testing become
available.

8. Protection of Pile Cut-Offs; Protection of Piling Against Marine
Organisms by Means Other Than by Preservatives.

This assignment was reactivated in October of this year. There is no
report at this time.

9. In-place Preservative Treatment of Timber Trestles.

No report.

10. Non-destructive Testing of Wood.

The subcommittee has followed the seemingly two existing approaches
to this problem; however, has nothing definite to report on at this

time.

The Committee on Timber Structures,

J. J. RrocEWAY, Chairman.



Report of Committee 8—Concrete Structures

and Foundations

T. L. Fuller, Chairman

J. W. DeValle,
Vice Chairman

R. J. Brueske
R. E. Pearson
G. W. Cooke
J. R. Williams
J. M. Williams
W. F. Baker
E. R. Blewttt
W. E. Brakensiek
H. C. Brown

M. J. Crespo
G. F. Dalquist
M. T. Davisson

J. T. Doherty
B. M. DORNBLATT
R. A. Dorsch
D. H. Dowe (E)
M. E. Dust
F. C. Edmonds
J. A. Erskine
Bernard Fast
G. W. Gabert
W. L. Gamble
E. F. Grecco
R. J. Hallawell
W. A. Hamilton
C. W. Harman
P. Haven II

W. P. HendriX
J. O. HOLLADAY
H. W. Hopkins
A. K. Howe
W. R. Hyma
J. R. IWINSKI
T. R. Kealey
F. A. Kempe
P. H. Kendall
L. Lange, Jr.

R. H. Lee
G. F. Leyh
E. F. Manley

E. C. Mardorf
J. F. Marsh
J. R. Moore
W. E. Morgus
L. M. Morris (E)
D. Novick
J. A. Peterson

J. E. Peterson
M. PlKARSKY
H. D. Reilly
E. D. Ripple
E. E. Runde
J. H. Sawyer, Jr.

M. P. Schindler

J. E. SCROGGS

J. R. Shafer
R. K. Shortt
L. F. Spaine
C. H. Splitstone (E)
W. B. Stanczyk
R. G. Stilling
S. A. Stutes
A. Tedesko
W. C. Teng
M. F. Tigrak
W. J. Venuti
E. Watson, Jr.

J. W. Weber
J. O. Whitlock
W. R. Wilson (E)
G. A. Wolf

Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman and vice chairman,
are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Manual recommendations submitted for adoption were published in

the Manual Recommendation part of Bulletin 645, November-December

1973.

1. Design of Masonry Structures, Collaborating as Necessary or Desirable

with Committees 1, 5, 6, 7, 15 and 28.

Brief status statement, submitted as information page 560'

2. Foundations and Earth Pressures, Collaborating as Necessary or Desir-

able with Committees 1, 6, 7 and 15.

Brief status statement, submitted as information page 560
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3. Prestressed Concrete for Railway Structures, Collaborating as Neces-

sary or Desirable with Committee 6.

Final report, submitted as information page 561

4. Waterproofing for Railway Structures, Collaborating as Necessary or

Desirable with Committees 6, 7 and 15.

Brief status statement, submitted as information page 561

There is a growing usage of precast concrete components in timber

trestles, both in new construction and for maintenance work. Conse-

quently, to provide leadership and guidance in this area, the commit-

tee was authorized to establish a new subcommittee assignment en-

titled "Concrete Components for Timber Trestles." The first report of

this subcommittee will be for year 1974.

The Committee on Concrete Structures and Foundations,

T. L. Fuller, Chairman

Report on Assignment 1

Design of Masonry Structures

R. E. Pearson (chairman, subcommittee), W. E. Brakensiek, M. J. Crespo, J. T.

Doherty, R. A. Dorsch, J. A. Erskine, W. L. Gamrle, W. C. Harman,
R. H. Kendall, R. H. Lee, G. F. Leyh, J. R. Moore, J. A. Peterson, J. A.
Sawyer, Jr., A. Tedesko, J. W. Weber, G. A. Wolf.

Revisions to manual material submitted for adoption were published in Bul-

letin 645, November-December 1973. This included final specifications for usage

of lightweight aggregates for structural concrete, revisions of designs of concrete

box culverts and the elimination of three seldom-used parts of the manual.

The subcommittee is continuing work on changing design loading to Cooper

E 80 from E 72 and other upgrading of the design portions of the manual.

Report on Assignment 2

Foundations and Earth Pressures

G. W. Cooke (chairman, subcommittee), G. F. Dahlquist, M. T. Davisson, B. M.
DORNBLATT, B. FAST, R. J. HALLAWELL, P. HAVEN, J. O. HOLLADAY, T. R.

Kealey, R. H. Kendall, E. F. Manley, E. C. Mardorf, W. E. Morgus,
D. Novick, M. P. Schindler, J. R. Shafer, W. B. Stanczyk, S. A. Stutes,

W. C. Teng.

Work continued on Specifications for Drilled Shafts and Caissons, originally

published as information in Bulletin 641, January-February 1973. The subcom-

mittee has also prepared revised Part 3, Spread Footings, and submitted it to full

committee for comments prior to publication. The subcommittee is also studying

live-load distributions.
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Report on Assignment 3

Prestressed Concrete for Railway Structures

J. R. Williams (chairman, subcommittee), W. F. Baker, R. J. Brueske, J. W.
DeValle, M. E. Dust, F. C. Edmonds, T. L. Fuller, G. W. GaBert, W. A.
Hamilton, W. R. Hyma, G. F. Leyh, J. E. Peterson, E. D. Ripple, J. E.
Scroggs, R. K. Shortt, L. F. Spaine, M. Fuat Tigrak, W. J. Venuti, J. O.
Whitlock, W. R. Wilson.

The subcommittee reports no progress on the field testing of prestressed con-

crete bridge ties for open-deck construction on steel girders. The design, specifica-

tions and results of laboratory testing were published in Bulletin 636, January-

February 1972. Efforts to have field testing to verify load distribution assumptions,

determine field behavior and discover any installation or handling problems have

been unsuccessful. No funds for field tests have been available from the AAR or

from any railroad. As a result, no further activity by the subcommittee on this

project is visualized.

The subcommittee, and the entire committee, feel that further retention of

this subcommittee is unwarranted. When the subcommittee was established, pre-

stressed concrete was a new, exotic material largely unknown to designers. Today
prestressed concrete is a common, every-day material, and it is the committee's

view that this subcommittee is no longer required.

This is the final report on Assignment 3. Hereafter, prestressed concrete will

be under the jurisdiction of the design subcommittee.

Report on Assignment 4

Waterproofing for Railway Structures

J. M. Williams (chairman, subcommittee), H. C. Brown, W. P. Hendrix, A. K.
Howe, J. R. Iwinski, L. Lange, M. Pikarsky, H. D. Reilly, E. E. Runde,
R. G. Stilling.

Revisions to Manual material submitted for adoption were published in Bul-

letin 645, November-December 1973. This included final specifications for rub-

berized asphalt and plastic film membrane waterproofing system.

This assignment will be renumbered to be Assignment 3.





Report of Committee 16—Economics of Plant,

Equipment and Operations
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of Available Funds to Maintenance of Way, collaborating as necessary

or desirable with Committees 11 and 22.

Progress report, submitted as information page 566

4. Economic Evaluation of Methods for Reducing the Probability of De-
railments.

Progress report, submitted as information page 568

5. Economics of Freight Cars with Characteristics Approaching the Limits

of Accepted Designs.

Work on this assignment is continuing but no information is yet ready

for publication.

6. Factors Involved in Rationalization of Railway Systems.

Progress report, submitted as information page 570

7. Applications of Industrial Engineering Functions to the Railroad

Industry.

A report on a survey of engineering work standards application to the

railway industry, submitted as information page 572

8. Economics of Systems for Control of Train Operation.

An outline for this assignment has been developed but no information

is yet ready for publication.

The Committee on Economics of Plant, Equipment
and Operations,

Wm. G. Byers, Chairman

Report on Assignment 2

Engineering Methods and Economic Considerations

Involved in Improving the Quality of Trans-

portation Service

M. B. Miller (chairman, subcommittee), A. J. Gellman (vice chairman, subcom-
mittee), J. W. Barriger, K. W. Bradley, W. J. Dixon, G. R. Gaspard, R. P.
Hoffman, R. J. Lane, J. H. Marino, R. G. Maughan, D. H. Noble, J. S.

Reed, V. J. Roggeveen, L. K. Sillcox, M. L. Silver, H. Wanaselja, J. R.
Wilmot.

This is a very broad assignment, and since the last report in AREA Bulletin

616, November 1968 (page 97), considerable activity has taken place by railroads,

shippers and the Association of American Railroads. The 1968 report outlined

factors important in the area of improving the quality of transportation service.

Since the 1968 report, subcommittee activity has developed an outline concerning

the measurements of quality in transportation service.

In general, the following activities are underway toward improving quality

of service:
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• AAR Board of Directors approval for the TRAIN 2 system gives a tre-

mendous boost to service quality efforts by the AAR Car Service Division. Data

gathering concerning car movements and computer processing expansions will give

CSD car availability forecasting powers, as well as aid CSD in better or improved

distribution of freight cars.

• Data Systems Division, AAR, working with a few railroads is studying inter-

road transit time, and making further efforts in determining dock-to-dock travel time.

• Federal Railroad Administration has several projects underway to determine

better utilization of freight cars. Some of these studies involve individual railroads.

• At this time almost every railroad has some form of car information and

control system in various stages of development and use. Also, several large shippers

have car control and computer-based systems for monitoring performance of rail-

roads, as well as their own handling of freight cars.

• Under Interstate Commerce Commission dockets Ex Parte No. 265 and 267

concerning increased freight rates, railroads—through the AAR—are reporting

quarterly on efforts to improve the quality of service. This reporting began

with an ICC order dated March 4, 1971 and is continuing at present. The

following are indicative of the types of information presented to the ICC:

1—Maintenance and improvement expenditures

2—Operating statistics

3—Freight car information systems

4—Operational changes:

(a) schedule improvements and reductions in transit times; (b) run-through

trains and pre-blocking; (c) systems to monitor transportation performance; (d)

programs for car utilization; (e) programs for power utilization; (f) no-bill pro-

gram; ( g ) station sen ice improvements.

5—Physical plant improvements:

(a) new or modernized freight yards and terminal facilities; (b) track and line

improvements; (c) bridges and tunnels; (d) weigh-in-motion scales; (e) signaling

and communications; (f) hotbox reduction and detectors.

6—Research, organization changes and training programs.

7—Equipment acquisitions and improvements and maintenance programs.

8—Pollution control projects.

In addition to the extensive work required to accurately cover the work done

in the area of quality of service, there is a delicate matter of "prejudging" while

the ICC is studying the requests of railroads for increased freight rates vs. the

quality of service they perform to justify such rates.

It is believed that reliability of service, coupled with a positive system of com-

munication with the shipper each time his shipment cannot reach destination on

schedule, and a policy to achieve at least 80% on-time performance, can do more to

establish a competitive railway service than any other practical means at present

available. Top management should avail itself of two basic reports: (1) A 7 am
shipper situation report identifying each variance in service performance from the

shipper's standpoint, and (2) An internal report identifying each variance from
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plan, i.e., cars missing connections, cars shopped, cars with missing lading restrain-

ing devices, etc. Overall controlled service must be based on a practical schedule

held to reasonable tolerances.

Railways possess a disciplined private right-of-way, but often fail to manage

or secure a higher degree of dependable dock-to-dock or door-to-door delivery of

shipments because of a conflict between this goal and other measures of operating

efficiency.

Also, in this entire context of quality of service, the railroads are often in the

middle between the shipper on one side and the receiver on the other.

This is a progress report on this assignment, and the Subcommittee recom-

mends that the broad aspects of this assignment be discontinued. Furthermore, it is

recommended that future reports deal with specific and well-defined aspects of

this assignment.

Report on Assignment 3

Determination of Maintenance of Way Expense Factors,

Including Various Traffic Volumes, and the Effect

of Using Such Factors in Terms of Equated

Mileage or Other Derived Factors, for

Allocation of Available Funds to

Maintenance of Way
T. C. Nordquist (chairman, subcommittee), L. P. Diamond, R. H. Dunn, L. A.

Durham, G. B. Dutton, J. J. Eash, G. R. Gaspard, A. M. Handwerker,
W. W. Hay, L. W. Haydon, G. R. Janosko, C. J. Meyer, A. L. Sams, M. L.

Silver, T. J. Sjostrand, G. M. Taror, R. Turner, D. E. Turney, F. Wascoe,
T. D. Wofford, J. D. Worthing.

This new committee assignment on maintenance of way expenses shows a shift

away from the theme of the old assignment that attempted to correlate historical

expenditures with traffic volume to a new thrust that will attempt to isolate,

quantify and study the individual characteristics of rail transport that contribute to

maintenance of way expense.

Work on the old assignment was hampered by limited and incomplete data

that was used as the basis for statistical studies reported on previously in the AREA
Bulletin. Moreover suitable expense data were available from only a few railroads

making it impossible to provide a wide geographical interpretation of the results.

Through the new assignment, the committee proposes to avoid these limitations

by developing a general evaluation technique that will make it possible for indi-

vidual roads to fit appropriate numerical values to a framework that takes into

account operating strategies and their effect on maintenance of way expense.

The first consideration in the determination of maintenance of way expense is

the allocation from available or expected funds for maintenance. The ability to pay

is one factor that controls the degree or level of maintenance. Maintenance costs at

various levels and types of service may be reviewed and determined and then set

as the ideal goal. However, at some level a determination must be made, by taking
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into consideration all the economic, physical and feasible factors, just what amount

is going to be expended for maintenance. There are many obvious factors such as

track structure and traffic conditions that must be considered as basic. Also in the

past we as a committee felt that too little emphasis was placed on climatic and

geographical factors in the evaluation of maintenance expense. For example, rail-

roads operating mountain routes with resulting grade and alignment penalties do

not have the same maintenance experience as railroads operating over predominantly

level terrain. Similarly, railroads operating in northern climates where snow and ice

exert distinctive maintenance and aging effects will have different maintenance

expenses than those railroads operating in the south. Thus, while it may be possible

to relate maintenance of way expense to operating characteristics through an

appropriate formulation, such formulation should provide a mechanism to take into

account the operating characteristics existing on any one railroad or in different

characteristics existing on any one railroad or in different sections of the same road.

A list of factors that have to be considered in the overall evaluation of what

amount is to be expended for maintenance of way for any given section of track

follows. Some of these factors are inter-related and as alone their effect is often

not noticed. Some are almost indefinite but yet must be defined. As an example of

the latter, the human factor of productivity is included. Therefore, the following

is offered by the committee as guide lines. It may not contain every element but

for most purposes is comprehensive of the known influencing factors.

Typical factors that influence Maintenance of Way Expense:

1. Right-of-way location: Subgrade soil characteristics, drainage, grade, align-

ment, terrain, vegetation, accessibility to work forces and equipment.

2. Track structure characteristics: Sub-ballast, ballast, ties, rail, welded rail,

fasteners, special track, including switches, crossovers, rail crossing frogs,

etc.

3. Fixed structures: Bridges, tunnels, culverts, grade crossings, yards, side-

tracks, scales, mechnical service facilities, miscellaneous structures.

4. Traffic characteristics: Gross tonnage, frequency, train length or train

tonnage, speed, motive power, axle loadings, dynamic vehicle character-

istics, car condition, traffic pattern (including unit train and mixed load),

direction of traffic, seasonability, industrial development.

5. Environmental characteristics: Temperature range, rainfall, snow and ice

conditions and blowing dust or sand.

6. Human factors: Quality of supervision and planning and quality of labor,

labor contracts.

7. Quality and availability of maintenance equipment.

8. Use of mechanized measurement equipment.

9. Quality of maintenance accepted-managerial policy.

10. Extent of repairs, i.e., individual item or out-of-face replacement.

11. Current maintenance based on past maintenance experience, i.e time lag

phase changes in quality levels.

12. Rate of abandonment.

13. Effectiveness of property in performing transportation task.

14. Financial position of the company—available cash, tax situation, expected

earnings, etc.
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15. Other factors: Signals, communications (wire or radio), electrification,

proximity of urban and industrial development.

Recently the Federal Railroad Administration issued standards for track main-

tenance, using various classes based upon maximum operating speed. Compliance

with these standards will affect any maintenance budget and override the many
other factors of influence. Also there are indications that prescribed standards of

track conditions are being set by other governmental agencies from the state level

down. All of these must be considered or limitations suffered in the operations

of trains.

For additional information there is attached a summary of some references con-

cerning maintenance of way expense.

This is a progress report presented as information.

Appendix A

Some Reference to World Literature on Maintenance of Way Expenses

1. Bernard Schramm, "Permanent Way Technique, Permanent Way Economy,"

Dermstadt, 1961.

2. AAR, "Guide to Railroad Cost Analysis," 1964.

3. CNR—Track Ratings, Construction Standards, Maintenance Standards Equiva-

lents, Maintenance Units for Tracks of Standard Gauge, June 1962.

4. U.I.C. Middle European Rail Federation—publications from 1930 to 1950

—

reported by L.P.D. and summarized in Cost Research Project correspondence

May 23, 1966.

5. British Railways—Maintenance Costs for Track and Structures, p. 412-3. Railway

Gazette, June 2, 1967.

6. Bulletin of International Railway Congress Association—March, 1966, Notes on

Traffic Density.

7. Japanese National Railway, Empirical Track Maintenance Formulas, Permanent

Way—Permanent Way Society of Japan, 1960-65.

8. Ernest Poole, "Costs, a Tool for Railroad Management," 1962.

Report on Assignment 4

Economic Evaluation of Methods for Reducing
the Probability of Train Accidents

R. P. Hoffman (chairman, subcommittee), L. P. Diamond, L. A. Durham, Jr.,

G. E. Hartsoe, E. C. Honath, T. D. Kern, K. L. Lawson, J. C. Martin,
R. G. Maughan, R. McCann, R. D. Penhallegon, L. K. Sellcox, D. E.
Turney, T. D. Wofford, Jr.

The purpose of this assignment is to find solutions to the problem of making
economic comparisons of the effectiveness of various methods of reducing the

probability of train accidents. Basically, there are three major elements to the

assignment:
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( 1 ) Develop a set of train accident investigative procedures.

(2) Develop data collection system including data formats concerned with

train accidents.

(3) From the data collected, generate statistics to be used in engineering

evaluation models to determine the economic worths of various methods

for the prevention of derailments or train accidents.

As for die first two items above, work is now progressing on them, as follows:

(1) Association of American Railroads-Railway Progress Institute-Federal Railroad

Administration project on track-train dynamics, under Task 5 is developing a set

of investigative procedures to be used for collecting data on train accidents or

derailments. Their report should be available soon.

(2) Federal Railroad Administration is now revising its train accident reporting

requirements. Major areas of interest are concerned with mechanical reporting

standards, track failures and human failures. Final draft of the new requirements

is now well under way, and FRA plans to work closely with six railroads in testing

the reporting requirements to determine their feasibility. Following the testing

period and making any changes deemed necessary, the final requirements are

scheduled to become effective January 1, 1974. It is understood that the FRA
reporting system requirements will make such reporting compatible with data

processing.

General Comments

One thing helpful, particularly when asking for money to take corrective action

in the area of train accidents or derailments, is to determine the magnitude of the

problem. If possible, it is helpful to categorize causes of train accidents. Categories

might include the following: car or locomotive component failure; track, bridge or

signal failure; rule violation; training or supervisory inadequacy; lading securement

inadequacy; highway vehicle or other obstruction; vandalism; acts of nature; com-

bination failures; undetermined or incompletely determined failure.

To obtain money to implement methods of reducing derailment or accident

occurrences, a good data base is required concerning accidents. And to obtain a

good data base, proper investigative techniques and data collection are required.

In addition to collecting data about accidents, other data should be obtained

such as traffic over the railroad, failures reported and corrected before a derailment

occurred concerning rail and cars, for example.

Some of the methods or devices that should be considered in reducing die

probability of train accidents include the following:

• Devices for detection of defects in track and equipment.

• Training programs for both operating and maintenance personnel.

• Standards for maintenance of track and equipment.

This is the first report on this assignment. Subsequent reports will deal widr

techniques for analyzing train accident data collected. Also the various methods or

devices for reducing train accident probability will be considered along with cost/

benefit analysis of each.

Much is contingent upon the rule making regarding train accident reporting

and what it entails. Also of importance is the degree of detail or completeness of

the train accident investigative procedures being developed by the AAR-RPI-FRA

task force.
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Report on Assignment 6

Factors Involved in Rationalization of Railway Systems

T. D. Kern (chairman, subcommittee), R. L. McMurtrie (vice chairman, subcom-
mittee), J. W. Barriger, L. P. Diamond, B. G. Gallacher, W. W. Hay, H.
Kendall, R. J. Lane, A. S. Lang, J. H. Marino, R. G. Maughan, C. W.
Meyer, J. Neben, D. H. Noble, W. L. Paul, J. S. Reed, F. Richter, V. J.

Roggeveen, G Rugge, A. L. Sams, M. J. Shearer, Jr., J. J. Stark, C. L.

Towle, D. M. Weinroth, J. R. Wilmot, T. D. Wofford, Jr., J. D. Worthing.

Scope

This assignment would consider the economic aspects of factors involved in

long-range plans and recommendations for rationalizing railway facilities. Rational-

ization means the re-arrangement of railway plant to serve most effectively present

and anticipated future public and private needs for railroad transportation. Such

re-arrangement is expected to involve the concentration of the railway system into

a more compact but higher capacity and higher quality network. Subjects to be

considered would include, but not be limited to, electrification, concentration of

traffic and related abandonments of facilities and effects of government safety

standards. Future areas of study will be suggested as concepts for rationalizing rail-

road systems develop.

"Railway Systems" is intended to include any single railway system—public

or private—or the combination of single systems with other systems, or the com-

bination (or consolidation) of all the nation's railway systems into one, rational

system. "Rationalization" is also intended to mean consolidation, the slimming down,

or possible reduction, of the road mileage and facilities of the nation's railways to

more perfectly balance the physical plant with the demand for the services it pro-

vides. Rationalization involves concentrating traffic flows on the potentially most

efficient routes, permitting the corresponding concentration of betterment expendi-

tures to maximize the resulting benefits and spread the capital cost over the maxi-

mum volume of traffic. Concentration implies the conversion of some present through

lines to feeder lines and the abandonment of lines and facilities no longer required

by the changed market for transportation. Concentration also implies the radical

upgrading of key lines and facilities to standards of quality, efficiency, safety and

capacity superior to any now attained. Concentration can make adherence to the

highest track standards not merely economically feasible but economically attractive.

It can permit and maximize the benefits of costly line and grade changes and pro-

vide the most favorable opportunity for electrification.

This report lists factors that should be considered when any rationalizing of

railway system is undertaken. The factors are intended to relate primarily, though

not entirely, to the physical plants of the nation's Class I Railroads. Concentration

will be upon freight railway systems but, of course, passenger handling systems

must be included. Urban commuter system's factors, as far as possible, will relate to

isolated systems. The importance of the various factors listed as related to others

varies depending upon location, type and density of traffic, climate, etc., and no
attempt is made to establish a priority of importance in the factors to be considered.
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Lists of Factors

I. Transportation Demand

1—Existing traffic.

2—Industrial plant locations and expansions.

3—New products—potential plants.

4—Energy demand (supply and demand, all forms).

5—Change in traffic flows and patterns.

6—Recycling of materials and waste material.

7—Competition.

8—Shipper-forced policies.

9—Shipper associations.

10—Service to shippers.

1 1—Ports.

12—Mines.

13—Rate structures.

14—Car design.

15—Intermodal aspects.

16—Total transportation companies.

II. Identification of Opportunities for Consolidation of Trackage and/or Facilities.

1—Optimum through routes,

a—Distance,

b—Grades,

c—Curvature,

d—Intermediate points.

( 1 ) For traffic potential.

(2) As interference to through traffic,

e—Interference from floods and snow.

2—Concentration of terminal facilities.

3—Grade separations.

4—Urban redevelopments.

5—Line abandonments; alternative uses for right-of-ways.

6—Line electrification.

7—Joint facilities.

8—Grade and alignment improvements.

9—Use of land.

10—Run-through trains.

11—Facilities available for sale or redevelopment.

12—Signal and other operational improvements.

III. Social Implications.

1—National Transportation Policy (DOT)
2—National defense.

3—Urban betterment.

4—Resource conservation.

5—Environmental influences.

a—Water.

b—Air.

c—Noise.
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d—Odor.

e
—

"Attractive nuisances."

f—Housekeeping.

6—Protection of environment.

7—Future high speed ground transportation requirements.

8—Population trends.

9—Political climate.

10—Organized labor policies.

a—Job protection.

11—Safety.

12—Value of adjacent property.

a—Appreciation from accessibility.

b—Depreciation from air and noise, pollution, vibration, and congestion on

access roads.

IV. Financial.

1—Capital investment (and return on).

2—Government subsidy.

3—Savings in operating expenses, maintenance, and capital replenishment.

4—Conservation of equipment.

5—Disposal of surplus property.

6—Inflation.

7—Nationalization.

8—Taxes.

9—Insurance.

This is a progress report. Specific topics will be discussed in subsequent reports.

Report on Assignment 7

Applications of Industrial Engineering Functions

to the Railroad Industry

R. D. Penhallegon (chairman, subcommittee), K. W. Bradley (vice chairman, sub-
committee), Constantine Bach, W. J. Dixon, A. M. Handwerker, R. P.
Hoffman, R. M. McCann, R. L. McMurtrie, J. F. Partridge, J. F. Price,
R. SCHEEFELBEIN, J. J. STARK, L. E. WARD, D. M. WEINROTH, P. B. WlLSON,
T. D. Wofford, Jr.

Survey of Engineered Work Standards Application in the Railway Industry

The objective of this survey is to determine to what extent, and in what man-
ner, engineered work standards are being used in the railway industry and what
benefits have been obtained from their use.

"Engineered Work Standards" are quantitative standards scientifically developed
by such recognized measurement techniques as Time Study, Methods-Time-Measure-
ment, Work Factor, Work Sampling, and/or other predetermined time systems.

Estimating and use of historical data do not provide what could be considered as

engineered work standards. "Standards," in the survey context, refer to the measured
time values required to perform certain jobs or tasks. An example of an engineered
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standard is the measured number of ties to be installed per 8 hours based on a

specific method and complement of men and equipment. AAR standards, cost stand-

ards, quality standards or standards of service are not a part of this survey. Some

survey answers indicate that there is some confusion over these distinctions, and

that the concept of "Engineered Work Standards" is not completely understood

by the respondents.

The results of the four areas covered by the survey—Transportation Yard,

Maintenance of Equipment, Clerical and Maintenance of Way—have been summar-

ized separately and each summary appears under its own heading.

The survey was limited to railroads represented on Committee 16; 14 out of

20 railroads surveyed returned the questionnaire.

The summaries are of necessity short and quite general in nature because of

the great variety of systems and procedures in use on the various railroads. We have

attempted to sum up the typical ways standards are used and the benefits that have

been obtained in each of the four major activities.

Use of Work Standards for Maintenance of Way Activities

Six railroads out of 14 responding, or 42%, said that they use engineered stand-

ards for maintenance of way productivity. One railroad indicated that they are in

the process of developing engineered standards with the assistance of a consultant.

One also said diat they have some engineered standards but these are used for plan-

ning only, not for productivity evaluation.

The standards were developed by industrial engineering in three cases with the

assistance of a consultant in one of them. In the other three cases the engineering

office apparently developed the standards.

Time study was used in three cases along with Universal Standard Data in one

of them and estimated standards in another. One railroad used a variation of Work
Factor and two said they used historical data. It would appear from this that only

three railroads actually use "engineered standards."

Measures of performance used were: dollar cost per unit of production, man-

hours per unit of production, cost per unit and percent utilization.

Two railroads reported standards coverage on their tie, surfacing and rail gangs,

another reported 100% coverage in connection with a planning and scheduling pro-

gram. Overall it would appear that there is perhaps 50% coverage on the average.

Measurement by gang, and in a few cases by department also, seems to be the

most popular method. None of die railroads measure individual productivity.

Most of the railroads do not require additional personnel for administering

their systems. System personnel are the administrators in several cases.

First line supervisors use the maintenance of way standards in several cases

but they are also used at higher management levels in all cases.

According to the respondents, improved cost control and the ability to better

determine manning requirements and pinpoint problem areas, were the main benefits

obtained from the standards.

Use of Work Standards in Transportation Yards

Five railroads out of 14 reporting, or 36%, said that they use engineered stand-

ards for measuring yard productivity. One type of yard standard is daily crews

required for a specific workload. Of the nine railroads not using engineered standards,

four indicated that they use some other type of control system, and five did not say

what kind of control, if any, is used.
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Industrial engineers were the most used personnel for developing the standards.

One road used a consultant as well as the industrial engineers. In most cases, trans-

portation department personnel were also directly involved in developing the

standards.

Time study was used as the measurement technique in three cases and a modi-

fication of Work Factor in a fourth. The fifth method did not appear to be an

engineered standards system but radier a comparative system of car-related statistics

derived from a transportation data system.

The measures of performance used varied too widely to summarize as did the

coverage, which ranged from less than 5% of yard crews to 85% of yard engines.

One railroad uses analysts at each geographical location to administer the

system and assist the supervisors. The other four do not use additional staff locally.

Only one of the railroads said that first line supervision uses the standards. The
others apparently use them only at a higher management level, trainmasters and
up. Low or unacceptable performance is questioned to spur improvements.

The major benefit indicated by the five railroads using engineered standards

was reduced cost, particularly for train and engine crews. One also said that they

reduced yard detention for cars by an average 30% in one year.

Use of Work Standards for Maintenance of Equipment Activities

Eight out of the 14 railroads responding, or 57%, say that they are using engi-

neered standards to measure maintenance of equipment productivity. Three others

indicate that they are planning such a program in the future.

In most cases industrial engineering had the responsibility for, or at least played

an important part in, the development, application and maintenance of the

standards.

Time study was the most used development technique but almost all companies

supplemented it with other methods of time evaluation.

Some railroads are using the standards very extensively, but the average coverage

of those reporting would appear to be about 50%.

No consistent pattern seems to be apparent for measuring performance nor

reporting work completed, each railroad using their own approach.

Most railroads do not require additional staff to administer their systems.

Present staff, whether at local or central locations, perform die analysis.

Procedures for reviewing and revising standards are not clear from the survey,

but they appear to vary considerably.

Not too many first line supervisors seem to use the standards for day to day
operations. In most cases they are apparently used by higher management levels

for planning and control.

The benefits obtained are the usual ones attributable to standards use. That
is, the ability to plan and schedule the work better, man the operations more accu-

rately and prepare more accurate budgets.

Use of Work Standards for Clerical Activities

Five railroads, or 36% of die 14 responding, indicated that they use engineered
standards to measure clerical productivity. One company indicated that they are

contemplating using standards.

Industrial engineering developed the standards in three cases and a consulting

firm in another case. Maintenance seems to be carried out in most cases by the office

involved.
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The clerical standards were developed by time study for all but one railroad

which used predetermined times obtained through a consultant.

The five railroads said that they measure the productivity of individuals, and

one railroad also measures by group and department. The measures of performance

varied considerably.

Coverage on die average was about 50%.

One railroad uses additional staff to administer the system but the other four

do not.

Answers to other questions are extremely varied, each office seems to have a

different approach to the use, application and maintenance of clerical standards.

All five of the railroads using standards for productivity measure indicated

that they benefit from their use. One said that they had reduced their clerical force

with significant methods improvements as a result of their clerical standards.
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6. Economies to Be Realized from the Use of a Two-Rail Method of Lay-

ing and Picking up Rail with a Rail Train Versus the One-Rail Method
Being Used by a Majority of Roads.

Final report submitted as information page 585

The Committee on Economics of Railway
Construction and Maintenance,

H. C. Minteer, Chairman.

ve

Report on Assignment 1

Analysis of Operations of Railways That Ha
Substantially Reduced the Cost of Construction

and Maintenance of Way Work

J. C. Hunsberger (chairman, subcommittee), F. S. Barker, C. D. Barton, A. W.
Carlson, S. A. Cooper, B. G. Hudson, J. T. Hunter, H. W. Kellogg, R. W.
Preisendefer, M. S. Reid, G. E. Scholze, W. A. Swartz, S. W. Sweet, W. B.

Throckmorton, T. P. Woll.

This report is submitted as information. It deals with the Washington Metro-

politan Area Transit System presently under construction in Washington, D. C,
and surrounding areas. Information for the report was obtained in conjunction with

a meeting of Committee 22 held at Washington on June 18 and 19, 1973. During

the first day of the meeting the committee was briefed on the overall aspects of

the project, with particular emphasis on the engineering features. The next day the

committee members were taken on a guided tour of some of the more interesting

installations, including an inspection of subway stations under construction and

stretches of concrete-lined tunnel that were about ready to receive the tracks.

During the briefing it was explained that Washington Metro, being built by

the Washington Metropolitan Area Transit Autfiority, will serve the District of Colum-

bia and surrounding Virginia and Maryland suburbs, and that ultimately it will

consist of 98 miles of standard-gage, double-track, electrified railroad. The total

cost will come to $2.98 billion. The project was labeled as the "largest public works

project ever undertaken in the history of the country."

Of the total length of the system, 42 miles will be at ground level, including

30 miles along existing railroad rights-of-way or in medians of highways. Nine

miles will be on elevated structures and 47 miles will be underground. Of these,

15 miles will be in rock tunnels, 11 miles in earth tunnels and 21 miles cut-and-

cover.

The system will be divided into three divisions which, operationally, will be

entirely separated from each other. At the five locations where the divisions intersect,

they will cross at different levels. Two-level stations will be built at four of these

locations.

To permit transfer of equipment, the divisions will have single-track connec-

tions. A single heavy repair shop will serve all divisions. However, each division

will have its own shop for performing maintenance work on equipment.

Of the 87 stations, 53 will be underground. Since both the cars and the sta-
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tions will be air-conditioned, patrons will have the benefit of an air-conditioned

environment as long as they are on WMATA premises. The tunnels will be mechani-

cally ventilated.

Continuous-welded 115-lb rail will be used throughout. The 150-lb third rail

will also be butt-welded. Maximum curvature has been set at 8 degrees and the

superelevation will permit a train speed of 45 mph on such curves. Ground-level

trackage will be laid with wood ties.

The underground portions of die system will provide a variety of construction

forms depending on the method of construction and the material encountered. Some

of the rock formations in the area are "extremely poor" but the soil is generally of

acceptable quality for construction. Recent progress in hard-rock tunneling machines

has led to a design approach permitting use of these machines on much of the 15

miles of rock tunnel required by the project.

In some cases tunnels in rock formations will be double track with a horseshoe

shape, while circular single-track twin tunnels will be constructed in others. In

the first rock tunnel project, drilled by conventional mediods, alternative bids were

asked for shotcrete lining or cast-in-place concrete lining. All 10 bidders quoted

on the shotcrete lining; no bids were received on the cast-in-place concrete liner.

The shotcrete is a high-strength, fast-setting pneumatically applied concrete in

which the maximum-size aggregate is %-inch.

All earth tunnels will have a circular configuration and will be shield driven.

Alternative bids will be taken on fabricated .steel, cast iron, ductile iron and cast-in-

place liners.

In cut-and-cover sections a double-barrel concrete box section is being used.

When constructing such sections the street is closed and excavation work started.

When this work has progressed sufficiently the excavation is covered with timber

mats so that street traffic can be resumed while the excavation proceeds below. Soldier

piling and lagging are generally used to support the earth walls on either side of the

subway. Bentonite slurry techniques are sometimes used to support the earth when
drilling in piling. Bentonite supports the walls until piling is put in place.

In addition Bentonite slurry wall construction methods are used in areas near

buildings where piling can not be driven and where drilling might disturb the build-

ings. Concrete is then poured into the bottom of the wall, displacing the Bentonite

slurry.

All underground stations have a vaulted and coffered construction that gives

them the appearance of a series of bathtubs placed side by side and end to end.

These stations have a width at the track level of 62 ft to 65 ft. Where the cut-

and-cover method is used, die concrete arches will be cast in place. In rock sections,

precast sections are being used.

All underground stations will be free of columns and obstructions. To accommo-

date trains of eight 75-ft cars, platforms will be 600 ft long, and will be free-standing

relative to the station walls. The mezzanines, also "free-floating" in the sense that

they will be entirely within the station vault, will be supported on columns.

All levels will be connected with high-speed escalators. Elevators will be pro-

vided for the use of die handicapped.

Great care is being taken to minimize noise and vibration transmitted from

the subway tunnels to nearby buildings. Through the station areas and at other

critical locations the track will be supported on a concrete slab that "floats" on

neoprene or fiberglass pads, with similar pads placed along the edges. Direct-fixation
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rail fastenings are being used in the tunnels between stations, and here the rails are

separated from the concrete by /i-inch neoprene pads.

The design and construction of underpinning for buildings above or adjacent

to underground sections of the Metro is proving to be a major engineering challenge.

Because of a local ordinance restricting building heights in the downtown area,

many buildings are 11-story structures on spread footings. Also, the city has many
monumental-type older structures. These two factors—together with the difficult

soils and the deeper profile necessary to accommodate the high-arch stations where

stations are under buildings—combined to complicate the problem of designing and

constructing underpinning.

Buildings adjacent to cut-and-cover tunnel sections also have had to be under-

pinned before excavation could proceed for the tunnel. Underpinning work involves

excavating beneath the building and installing supports under existing footings to

carry the structure while construction goes ahead on the tunnel (or station) under-

neath or adjacent to the structure. The massive nature of the underpinning, together

with the expensive character of such work, explains its high cost, amounting to $8

million in the case of one contract section.

Elevated portions of the Washington Metro will have two types of superstruc-

ture. One will consist of precast concrete box girders and the other will be of steel

deck-girder construction with a cast-in-place concrete deck. In both types rail fasten-

ings will be of the direct-fixation type. In both cases the spans will be carried on

a single concrete column at each support point.

During the briefing, members of Committee 22 also learned a few diings about

the equipment to be used and the service to be provided by the Metro system. The
trains will be designed for automatic operation, at maximum speeds of 75 mph,

but will have controls for manual operation. During periods of peak traffic the trains

will be operated at 90-second headings. The system will be closed down between

1 a.m. and 5 a.m. each day. It is expected that most regular track-maintenance

work will be performed during this period

For construction purposes Washington Metro is divided into six phases. Phase

1, 4.6 miles long, is scheduled for completion in mid-1975, and 1980 is the date set

for final completion of the system. At the time of die Committee 22 meeting, work

was under way on the stations and tunnels in 27 miles of route.

Members of Committee 22 thus were armed with a general background of the

project when they were taken on a tour of die work the day following the briefing.

The first major construction operation underground was encountered at G and 12th

Streets where two tunnels intersect, thus requiring a two-level station. In tiiis case

the distance from the base of rail of the lower tunnel to the street level is about

75 ft. ( At one location this distance is 1 10 ft.

)

Since the excavation at G and 12th Streets had been carried out by the cut-

and-cover method, the concrete arches were being poured in place. Fifty-foot travel-

ing forms were being used for this purpose, and the requirement was that the

concrete be placed in a single continuous pour for the length of the traveling forms.

It was at this location that committee members first noted the striking effect

of the "bathtub" coffered ceiling. After the forms are removed, die concrete is sand-

blasted and a sealer is applied. This treatment, along with the indirect lighting in

the station areas, heightens the effect of the unique ceiling design.

The final point of inspection by the committee was the heavy repair shop which,

not far from Washington Union Station, is practically completed and ready to go

into operation although it will be well over a year before its services will be needed.
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Looking east—Metro Center Station.

Formwork at intersection of 12th and 6th Sts., Metro Center Station.
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Platforms and tunnel leading to double-track station.

Close-up of bath-tub effect at sides of station.
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Section of cut and cover, Union Station.

Cut and cover section showing forms for in-place pour of station ceiling.
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Interior of car shop nearing completion.
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Report on Assignment 6

Economies to Be Realized from the Use of a Two-Rail

Method of Laying and Picking up Rail with a Rail

Train Versus the One-Rail Method Being

Used by a Majority of Roads

J. E. Sunderland (chairman, subcommittee), A. D. Alderson, C. J. Bryan, J. I.

Casbeer, Jr., W. M. S. Dunn, C. R. Harrell, W. H. Hoar, W. J. Jones,

T. L. Kanan, A. L. Maynard, D. F. Richardson, B. J. Worley.

General

An analysis has been made of various railroads' method of laying and loading

of welded rail, comparing the two-rail versus the one-rail method. This report is based

on laying and loading methods now employed by a cross-section of roads responding

to a questionnaire, with the manpower and equipment averaged for those roads

reporting. Labor, given in manhours, can be evaluated at current wage rates; and

purchase costs of equipment, shown for 1971, can be updated to current costs. The

data reported did not always define the average conditions of on-track time

prevailing.

The two-rail method requires more track time than the one-rail method because

of the time required to restore the track to service and clearing all of the equipment.

On double-track territory, it is assumed that the rail laying operation will be given

sole occupancy for 8 hours. On single-track territory, track occupancy must be a

minimum of 5 continuous hours or two periods of at least 3 continuous hours each.

In general, the assumed average production is one mile of track per day.

Equipment and Labor Use

Tables 1 and 2 give the consist of equipment suitable for the two-rail and

one-rail CWR rail laying operation, respectively. They also afford a comparison of

the 1971 purchase prices. This equipment does not cover rail gang camp cars, small

tools, and motor vehicles used to transport men and supplies as either method of

laying or loading rail would require about the same equipment. Due to wide varia-

tions in type, ownership, and maintenance costs of camp equipment, average costs

are not easily determined. In any complete evaluation, a rational appraisal of this

cost should be made since it does effect the total cost per mile for rail laying. Hand
tools are at a minimum on mechanized gangs and need only be evaluated as to cost

if it is required to know an absolute total cost.

Tables 3 and 4 give typical organizations for two and one-rail laying operation,

respectively. Table 5 outlines typical forces for the corresponding rail loading

operations.

General Description of Operation

Material Distribution

Two-Rail Method

All material and supplies for laying a train load of welded rail, except the

rail, are unloaded in advance of the rail laying. This may be accomplished by placing
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Two-Rail Method

TABLE 3

RAIL LAYING ORGANIZATION

No. of

Machines Machine Operation
Force

Fore Operator Trkmen

Pusher Car
& Rail Train

Spike Pullers
Scrap Loader
Tie End Sweeper
Wide Gauge
Threader

Tb Plug Inserters

Cribber
Adzer-Creosoter

Foreman
Unload cradles & rail

Position cradles
Adjust rail on cradles
with bar
Remove rail anchors
Pull spikes
Pick up spikes & anchors
Sweep tie ends of ballast
Thread old rail to wide
gauge
Remove tie plates
Insert and drive tie plugs
Crib and drive spike stubs
Adze & creosote ties

Position & gauge tie plates

Standard Gauge
Threader
Push Truck

Gauger-Spiker
Tie Drills
Spike Cart
Dual Spike
Drivers
Anchor Cart

Anchor
Applicators
Abrasive Cut-
off Machine

Foreman
(Line rail into plates)
Standard gauge new rail
and drive line spikes
Pick up cradles and

seat tie plates
Gauge rail
Pre-bore ties
Set spikes

Drive spikes
Distribute rail anchors
Position rail anchors
Foreman
Apply rail anchors
Install insulated joints

Sub-Total 21 28 = 52

WELDING GANG

Motor Car &
Push Trucks
Total Force
Rail Supervisor and Assistants

Thermit Welds
includes 3 Cooks and

Welder Hlpr Trkmen

3 Mechanics

2=5
= 6

= 3

TOTAL = 66
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One-Rail Method

TABLE 4

RAIL LAYING ORGANIZATION

No. of
Machines Machine Operation

Force
Fore Operators Trkmen

2 Track Wrenches
2 Spike Pullers
1 Scrap Loader

Push Truck
Push Track

1 On Track Crane

4 Tie Plug Inserters

2 Cribbers

2 Adzer
1 Creosoter

Grinder

1 Gauger and

Pre-Gauger
1 Off Track Crane
1 On Track Crane
1 Motor Car

2 Tie Drills
1 Spike Cart

2 Dual Spike
Drivers

1 Anchor Cart

4 Anchor
Applicators

1 Abrasive Cut-

off Machine

Foreman
Remove rail anchors
Remote bolts
Pull spikes
Pick up spikes & rail anchors
Distribute tie plugs
Burn frozen bolts, pull
joint spikes, remove bars

Set out jointed rail

Remove tie plates
Insert & drive tie plugs
Remove ballast frcm cribs

Drive spike stubs

Adze ties
Creosote tie & grind

adzer bits, etc.

Distribute tie plates
Gauge tie plates, distribute,
insert & drive gauge pegs

Pull CWR into place
Make joints, cut & drive rail

Move spare machines 6 tools
Straighten plates & line

rail into plates
Pre-bore ties
Distribute spikes
Set spikes

Drive spikas
Distribute anchors
Position anchors

Apply anchors

Install insulated joints

Sub Total

4

_1

20 46 71

WELDING GANG

Motor Cars Thermit weld joints

Force including 2 Mechanics and 3 cooks

Rail Supervisor & Assistants

= 3

= 5

= 2

TOTAL 81
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No. of
Machines Machine

Two-Rail Method

TABLE 5

RAIL LOADING- ORGANIZATION

Operation

One-Rail Method

2 Cranes

Force
Fore Operators Trkmen

1 Pusher Car Load rail and cradles
(same unit
as used in

rail laying)
1 Crane Load other track material

Load rail and other track 1 2

material

5 =

6=9

the material cars and magnet equipped cranes at the head of the rail train or by
using other forces to unload this material before the rail train arrives.

One-Rail Metliod

All material including the rail is distributed in advance of the rail laying. This

is done by division forces and work trains.

Procedure

Two-Rail Method

Two strings of rail are unloaded directly from the rail train onto cradles which

are placed on a previously painted center line stripe. Certain equipment is trans-

ferred to narrow gauge while the rail is being connected to the rail in track. After

this, die rail laving progresses as outlined in Table 3 under the heading "Operation".

When it becomes necessary to connect the two strings of rail being laid with die

next two strings, it is done on the work car next to die pusher car by means of a

winch line. The jointed rail is placed at a wide gauge on the tie ends during the

laying of the welded rail.

A second trick is used in loading the jointed rail. It is pulled by the pusher

car's hydraulic-ally operated treads into the rail train. The rail is uncoupled every

18 rail lengths to reduce the friction of the rail being pulled over the ties.

While the rail is being loaded, the work train with a magnet equipped crane

picks up the released spikes, anchors and tie plates. This can also be done with a

self-propelled crane behind the rail laying on the first trick

One-Rail Method

The welded rail to be laid is picked up from the ground by use of a crane

(either on or off track) and laid on one side of the track only. Rail laying proceeds

as outlined in Table 4 under the heading, "Operation."

The disconnected rail and the other track material is loaded by use of a work
train with cranes. Some roads prefer to load this material daily and others prefer

to wait until the rail laying is completed at the particular location.

Bui. 64G
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4. Some rail has been laid by reusing tie plates which would cut down on

the material handling problem, but in all such cases the tie plates were

removed from the ties and the tie plate area adzed and creosoted.

5. All reporting roads heat the rail in the cold weather, but there is not an

economical method in use for cooling during hot weather.

A study of rail laying for two dual and two single gangs on one railroad was

made for the year 1972, resulting in the following comparison:

Manhours ( Incl. Overtime

)

Feet Rail Laid

Track Miles Laid

Manhours/Track Mile

Direct Labor Summary
Labor Cost/Track Mile

Repair Parts, Fuel & Oil

Supply Cost/Track Mile

Total Cost/Track Mile

The manhours per track mile in this study compares favorably with the man-

hours shown in Table 6. This, also, takes into account expenses for equipment repair

parts, fuel, oil and other supplies, which averaged $700/track mile additional expense

for the dual rail system.

This special study does not reflect conditions on all railroads, but attempts to

give additional comparison between the report compiled from a cross-section of

roads as to four specific gangs production and costs during one year.

For additional information on the two-rail method of laying and loading, refer

to AREA Proceeding, Vol. 66, pages 259-269.

This report is submitted as information.

Dual Systems
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Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No report.

1. Water Pollution Control.

No report.

2. Air Pollution Control.

Manual recommendations submitted for adoption were published in

Part 1 of Bulletin 645, November-December 1973.

3. Land Pollution Control.

Manual recommendations submitted for adoption were published in

Part 1 of Bulletin 645, November-December 1973.

4. Industrial Hygiene.

Progress report, presented as information page 594

5. Plant Utilities-Design, Construction and Operation.

Manual recommendations submitted for adoption were published in

Bulletin 645, November-December 1973.
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6. Corrosion Control.

No report.

7. Noise Pollution Control.

Progress report, presented as information page 598

The Committee on Environmental Engineering,

C. E. DeGeer, Chairman.

Report on Assignment 4

Industrial Hygiene

R. S. Bryan, Jr. (chairman, subcommittee), W. D. Peters (vice chairman, subcom-
mittee), R. A. Bardwell, A. E. Duldc, W. H. Melgren, T. A. Tennyson.

Your subcommittee submits the following new section to Part 4 of Chapter 13

for consideration as future Manual material.

4.5 GENERAL ENVIRONMENTAL CONTROLS FOR SANITATION
AND INDUSTRIAL HYGIENE FOR FACILITIES UNDER F.R.A.

JURISDICTION

4.5.1

The provisions of the Occupational Safety and Health Act will be administered

by the Federal Railroad Administration (FRA) since railroads are under the juris-

diction of the Department of Transportation. However, all references shown in

Section 4.5 are from TITLE 29, CHAPTER XVII, Part 1910, SUBPART J, GEN-
ERAL ENVIRONMENTAL CONTROLS, OCCUPATIONAL SAFETY AND
HEALTH STANDARDS, as published in the Federal Register, Vol. 37, No. 202,

Wednesday, October 18, 1972. Section 4.5 is intended to be a reference guide for

tire material covered and the full regulations should be used for specification details.

In some instances, the Department of Labor may have jurisdiction.

4.5.2 SANITATION (1910.141)

4.5.2.1 General Requirements (1910.141 (a))

( a ) Housekeeping.

( b ) Expectorating.

(c) Waste disposal.

(d) Rodent, insect and vermin control.

4.5.2.2 Water Supply (1910.141 (b))

(a) Potable water.

(b) Nonpotable water.

4.5.2.3 Toilet Facilities (1910.141 (c))

( a ) General

1. Separate for each sex
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2. Readily accessible

3. Number of fixtures based on number of employees

4. Supplies

5. Washing facilities

(b) Construction of toilet rooms

1. Specifications for toilet rooms

(c) Construction and installation of toilet facilities

1. Specifications for toilet bowls

(d) Chemical closets and privies

1. Closets and privies shall be constructed and maintained in accordance

with 1910.143

4.5.2.4 Washing Facilities

(a) General—Adequate facilities for maintaining personal cleanliness shall be

provided in every place of employment. These shall be convenient for the employees

for whom they are provided and shall be maintained in a sanitary condition.

( b ) Lavatories.

(c) Towels.

4.5.2.5 Change Rooms (1910.141 (e))

(a) Separate facilities for each sex.

(b) Drying facilities.

4.5.2.6 Retiring Rooms for Women (1910.141 (f))

4.5.2.7 Lunch Rooms (1910.141 (g))

( a ) General.

(b) Waste disposal containers.

(c) Location.

4.5.2.8 Food Handling (1910.141 (h))

(a) All employee food service facilities and operations shall meet the require-

ments of "Food Sendee Sanitation Ordinance and Code," Part V, "Food Service

Sanitation Manual", U.S.P.H. Publication No. 934 (1965), or latest revision.

4.5.2.9 Scope (1910.141 (i))

(a) Above sections apply to all permanent places of employment.

4.5.3 TEMPORARY LAROR CAMPS (1910.142)

A temporary labor camp is defined in ANSI 4.4-68 as any shelter or shelters

together with the tract of land appertaining thereto, established for the housing

accommodation of persons engaged in any occupation or work for which a labor

force is maintained in temporary quarters.

4.5.3.1 Site (1910.142 (a))

(a) All sites must be adequately drained.

(b) All sites must be adequate in size to prevent overcrowding of necessary

structures.

(c) The grounds and open areas surrounding the shelters shall be maintained

in a clean and sanitary condition free from rubbish, debris, waste paper, garbage

and other refuse.
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( d ) Whenever camp is closed temporarily or permanently, grounds and buildings

must be left in a clean and sanitary condition.

4.5.3.2 Shelter (1910.142 (b))

( a ) Every shelter in the camp shall be constructed in a manner which will

provide protection against the elements.

(b) Each room used for sleeping purposes shall contain at least 50 sq ft of

floor space for each occupant. At least a 7-ft ceiling shall be provided.

(c) Beds shall be spaced at least 36 inches both laterally and end to end. If

double-deck bunks are used they shall be spaced not less than 48 inches both laterally

and end to end. Triple deck bunks are prohibited.

(d) Floors of each shelter shall be constructed of wood, asphalt or concrete.

All wood floors shall be elevated not less than 1 foot above the ground.

(e) All living quarters shall be provided with windows the total of which shall

not be less than 1/10 of the floor area. At least 3a of each window shall be so con-

structed that it can be opened for purposes of ventilation.

(f) All exterior openings shall be effectively screened with 16-mesh material

and all screen doors equipped with self-closing devices.

(g) All heating, cooking and water-heating equipment shall be installed in

accordance with state and local ordinances, codes and regulations governing such

installations.

4.5.3.3 Water Supply (1910.142 (c))

(a) An adequate and convenient water supply approved by the appropriate

health authority shall be provided in each camp. A water supply shall be deemed

adequate if it is capable of delivering 35 gal per person per day at a peak rate of

2M times the average hourly demand.

(b) The distribution lines shall be capable of supplying water at normal oper-

ating pressures to all fixtures for simultaneous operation.

(c) Where water under pressure is available one or more drinking fountains

shall be provided for each 100 occupants or fraction thereof.

4.5.3.4 Toilet Facilities (1910.142 (d))

(a) Toilets shall be:

1. Adequate for the camp capacity.

2. Have a window not less than 6 sq ft in area opening direct to the out-

side or positive ventilation.

3. A toilet room shall be located within 200 ft of the door of any sleeping

room.

4. Separate toilet rooms shall be provided for each sex.

5. Lighted either naturally or artificially 24 hours a day.

6. Kept in a sanitary condition. They shall be cleaned at least daily.

4.5.3.5 Sewage Disposal Facilities (1910.142 (e))

(a) In camps where public sewers are available all sewer lines and floor drains

from buildings shall be connected thereto.

4.5.3.6 Laundry, Handwashing and Bathing Facilities (1910.142 (f))

(a) Laundry, handwashing and bathing facilities shall be provided in the

following ratio:
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1. Handwash basin per shelter or per six persons.

2. Shower head for every 10 persons.

3. Laundry tray or tub for every 30 persons.

4.5.3.7 Lighting (1910.142 (g))

(a) Where electric service is available each habital room in a camp shall be

provided with at least one ceiling type light fixture and at least one separate floor

wall type convenience outlet.

4.5.3.8 Refuse Disposal (1910.142 (h))

(a) Fly-tight, rodent-tight, impervious, cleanable single service containers,

approved by the appropriate health authorities shall be provided for the storage

of garbage.

(b) Garbage containers shall be kept clean.

(c) Garbage containers shall be emptied when full but not less than twice a

week.

(d) Effective measures shall be taken to prevent infestation by and harborage

of animal or insect vectors or pests.

4.5.3.9 First Aid (1910.142 (i))

(a) Adequate first-aid facilities approved by a health authority shall be main-

tained and made available in every labor camp for the emergency treatment of

injured persons.

(b) Such facilities shall be in charge of a person trained to administer first

aid and shall be readily accessible for use at all times.

4.5.4 NONWATER CARRIAGE DISPOSAL SYSTEMS (1910.143)

4.5.4.1 Acceptable Industrial Disposal Systems

(a) The following waste disposal systems may be used only where not pro-

hibited by codes and regulations of local audiorities and where water closets are

not feasible due to the location or temporary nature of the operation requiring the

facility.

1. Privies (1910.143 (a)).

2. Chemical toilets.

3. Recirculating toilets.

4. Combustion toilets.

5. Portable toilets.

(b) Specifications for each of the above systems are thoroughly covered in

Part 1910.143, Subpart J of die Occupational Safety and Health Standards.
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Report on Assignment 7

Noise Pollution Control

C. F. Muelder (chairman, subcommittee), J. J. Dwyer, E. T. Myers, B. J. Rust,

J. W. Webb, J. M. Wetzel.

Our study assignment for the association year is in three parts:

(a) Prepare cover sheet and index.

(b) Prepare a glossary of terms.

(c) Prepare guidelines for a noise pollution survey.

This report includes our proposed cover sheet and index for Part 7—Noise Pollu-

tion Control. It is presented as information, requesting comments and suggestions,

with the intent to prepare the report for Manual material and submission to the

Association for adoption at a later date.

The Glossary of Terms is presented as information at this time with the intent

to prepare it for Manual material and submission to the Association for adoption at

a later date.

Part 3 of our 1973 assignment is to prepare guidelines for a Noise Pollution

Survey, which would include necessary equipment and methods of procedure.

For the most part, regulations governing noises from railroad operations, are in

an unsettled situation. The 1972 Federal Noise Pollution Act pre-empts state and

local regulation of railroad noises. However, until the U.S. Environmental Protection

Agency publishes its regulations, existing state and local ordinances are being en-

forced upon the railroad industry. In some cases the applicability of these local

regulations is questionable.

At the time of this writing, the EPA has deferred for 60 days the publishing

of their proposed railroad noise standards. It is to be noted tiiat after the proposed

standards are published, the EPA is required to hold public hearings on its proposals,

inviting written comments. It would appear that it will be the latter part of 1973

before railroad regulations are evolved and made effective on the federal level.

Several states and large metropolitan cities have enacted noise control legisla-

tion. In some instances the sound level criteria are designated in decibels of the

"A" weighted scale. Other regulations include maximum levels in various octave

band center frequencies. Some cities have a requirement that maximum sound levels

cannot exceed 6dB above the ambient sound levels or a designated ambient level

based on land use classification.

In view of the uncertainties of railroad sound regulation, whether it will be

based on the "A" weighted scale, octave band center frequencies, or land use classi-

fication, your committee will not present at this time any guidelines for a pollution

survey. It should be noted that instrumentation for the measurement of sound pres-

sure levels on the weighted scales is relatively inexpensive. The techniques and
methods of measurement are mostly straightforward.

Instrumentation for the octave band regulatory approach is considerably more

expensive. Measurement techniques require a practical technician knowledgeable in

the field of acoustics in order to gather meaningful data and to provide realistic

interpretive results from the data collected.



Environmental Engineering 599

Regulations based on ambient sound levels require detailed sound level measure-

ment techniques. Again this requires a practiced technician, knowledgeable in the

field of acoustics, in order to collect meaningful data and provide properly inter-

preted results.

Your committee suggests that sound level measurements and the instrumenta-

tion used be in accordance with the following American National Standards Insti-

tute Standards:

1. ANSI 1.4—1971 Specification for Sound Level Meters.

2. ANSI SI. 11—1971 Specification for octave, half-octave and third-octave

band filter sets.

3. USAS SI.10—1966 Calibration of microphones.

4. USAS SI. 12—1967 Specifications for laboratory standard microphones.

5. ANSI SI.2—1962 Method for the Physical Measurement of Sound.

6. ANSI SI. 13—1971 Methods for the measurement of sound pressure levels.

7. USAS S3.4—1968 Procedure for the computation of loudness of noise.

This report is given as information. Your committee recommends that guide-

lines for a noise pollution survey be deferred until federal government regulation

of railroad noises is established.

The following data, also presented as information, will be developed into

Manual material in the future.

Part 7

Noise Pollution Control

FOREWORD

The purpose of this part is to provide recommended practices and guidelines

for the control of undesirable sounds to the degree that they are neither a nuisance

nor a hazard to health, with emphasis on types of apparatus, equipment and facili-

ties to achieve these goals.

CONTENTS

Section Page

7.1 Noise Control Regulations and Codes 13-7-

.

7.2 Instrumentation 13—7—.

7.3 Measurement Techniques for the Determination of Noise Levels .... 13-7-

Appendix A Glossary of Terms 13-7-

.

Appendix B Directory of Noise Pollution Control Agencies 13-7-

.

APPENDIX A
GLOSSARY OF TERMS

A-Weighted Sound Level—The ear does not respond equally to frequencies, but

is less efficient at low and high frequencies than it is at medium or speech

range frequencies. Thus, to obtain a single number representing the sound level
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of a noise containing a wide range of frequencies in a manner representative

of the ear's response, it is necessary to reduce, or weight, the effects of the low
and high frequencies with respect to the medium frequencies. The resultant

sound level is said to be A-weighted, and the units are dB.

Absorption—Absorption is a property of materials that reduces the amount of sound

energy reflected.

Absorption Coefficient—A measure of sound-absorbing ability of a surface. This

coefficient is defined as the fraction of incident sound energy absorbed or other-

wise not reflected by the surface.

Acoustics—The science of sound, including the generation, transmission, and effects

of sound waves, both audible and inaudible.

Acoustical Material—Material designed to absorb sound.

Ambient Noise Level—The noise level which exists at any instant, regardless of

source.

Analyzer—A combination of filter system and device for indicating relative energy

passing through the filter system.

Audio Frequency—The frequency of oscillation of an audible sine-wave of sound;

any frequency between 20 and 20,000 Hz.

Audiometer—A device for measuring hearing-threshold levels.

Background Noise—The total of all noise in a system or situation independent

of the presence of the desired signal.

Baffle—A shielding structure or series of partitions used to increase the effective

length of the external transmission path between two points in an acoustical

system.

Band—A segment of the frequency spectrum.

Band Pressure Level—The pressure (or power) level for the sound contained

within a specified frequency band.

C-Weighted Sound Level—A quantity, in decibels, read from a standard sound-

level meter that is switched to the weighting network labeled "C". The
C-weighting network weights the frequencies between 70 Hz and 4000 Hz
uniformly, but below and above these limits frequencies are slightly

discriminated against.

Damp—To generate loss of oscillatory or vibrational energy of an electrical or

mechanical setup.

Dead Room—A room whose boundaries absorb a great amount of sound.

Decibel—A unit of sound level when the base of the logarithm is the tenth root of

ten; one-tenth of a bel.

Diffraction—An alteration in the direction of propagation of sound energy in the

neighborhood of a boundary discontinuity on the edge of a reflecting or absorb-

ing surface.

Diffuse Sound Field—Sound in an area in which sound intensity is independent

of direction.

Direct Sound Field—An area in which most of the sound arrives directly from the

source without any contributions from reflection.

Doppler Effect (Doppler Shd7t)—The apparent upward shift in frequency of
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a sound as a noise source approaches the listener (or vice versa), and the

apparent downward shift when the noise source recedes.

Effective Sound Pressure (Sound Pressure)—The root-mean-square of the in-

stantaneous sound pressures over a time interval at the point of measurement.

Filter—A device that separates components of a signal on the basis of their

frequencies.

Free Sound Field (Free Field)—A sound field in which the effects of obstacles

or boundaries on sound propagated in that field are negligible.

Frequency—The time rate of repetition of periodic motion; units are cycles per

second or Hertz.

Impact—A collision of one mass in motion with another mass which is either at

rest or in motion.

L90 Level—The sound level exceeded 90% of the time.

Level—The value of a quantity in decibels. The level of an acoustical quantity

(sound pressure or sound power), in decibels, is 10 times the logarithm (base

10) of the ratio of the quantity to a reference quantity of the same physical

kind.

Level Distribution—A collection of numbers that characterize noise exposure

giving the length of time that the sound-pressure level dwelled within each

of a set of level intervals.

Line Component—A simple tone that may or may not be part of a complex signal.

Live Room—A room that has very little sound absorption.

Loudness—The intensive attribute of an auditory sensation; a term in which sounds

are described on a qualitative scale from soft to loud. Loudness depends on a

sound pressure of the stimulus and also the frequency and wave form of the

stimulus.

Loudness Contour—A plot which depicts related values of sound pressure levels

and frequency, that is necessary to generate a given loudness sensation.

Loudness Level—The loudness level of a sound in phons is numerically equal to

the median sound pressure level, in decibels, relative to 0.002 microbar, of a

free progressive wave of frequency 1000 Hz presented to listeners facing the

source, which in a number of trials is judged by the listeners to be equally

loud.

Masking—The amount by which the threshold of audibility of a noise is raised by

the existence of another masking sound in the environment. Units in decibels.

Microbar—A unit of pressure used in acoustics; dyne per square centimeter. One
bar equals a pressure of 10° dynes/sq cm.

Microphone—An electroacoustic transducer stimulated by sound waves. It transmits

essentially equivalent electric waves.

Noise— (1) Unwanted sound; unwanted sound within a useful frequency band.

(2) Erratic, intermittent oscillation.

Octave—An octave is the interval between two sounds having a basic frequency

ratio of two.

Octave Band—A frequency band that has an upper band-edge frequency twice the

lower band-edge frequency.
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One-Third Octave Band—A frequency band that has an upper band-edge fre-

quency of one-third times the lower band frequency.

Peak Sound Pressure—The maximum instantaneous sound pressure (a) for a

transient or impulsive sound of short duration, or (b) in a specified time inter-

val for a sound of long duration.

Perceived Noise Level—The level of a noise determined by a calculation pro-

cedure based on an approximation to subjective evaluations of noisiness; units

in decibels.

Phon—A unit of loudness level. (See definition for Loudness Level.)

Pink Noise—A sound whose noise-power-per-unit-frequency has an inverse relation

to frequency over a specified range.

Pitch—A characteristic of auditory sensation in which noises are ordered on a scale

which extends from low to high. Pitch depends on the frequency of the sound

stimulus, sound pressure, and wave form of the stimulus. Pitch may be described

by the frequency level of the tone, having a specified sound pressure level,

which, when judged by listeners, has equal pitch.

Point Source— (Also Simple Sound Source)—A source that generates sound in

a uniform fashion in all directions under free field conditions.

Power Level—Measured in decibels, power level is 10 times the logarithm to the

base 10 of the ratio of a given power to a reference power. The reference power
is indicated when the level is recorded.

Primitive Period (Period)—The smallest increment of an independent variable for

which the function repeats itself. If there is no ambiguity, the primitive period

is called the period of the function.

Random Noise—An oscillation whose instantaneous magnitude cannot be specified

for a given point in time. Only probability distribution functions giving the

fraction of the total time that the magnitude lies within a specified range can

specify the instantaneous magnitudes.

Rate of Decay—The rate of decrease of sound pressure level after source has

terminated.

Recording Channel—The term "recording channel" refers to one of a number
of independent recorders in a recording system or to independent recording

tracks on a recording medium.

Resonance—Resonance exists when forced oscillation of a system prevails. This

occurs when any change in the excitation frequency causes a decrease in the

response of the system.

Resonance Frequency (Resonant Frequency)—Frequency where resonance pre-

vails; e.g., velocity resonance frequency.

Response:—Of a device in the motion that has resulted from a stimulus under speci-

fied conditions. ( 1 ) Modifying phrases are prefixed to the term response to

indicate different inputs and outputs that are being used. (2) Response char-

acteristic, usually expressed graphically, gives the response as a function of some
independent variable such as frequency or direction. Other characteristics of

the input (i.e., volume) are held constant

Reverberation—The continuance of sound in an enclosed area resulting from
multiple reflections after the sound source has ended.
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Root Mean Square—The square root of the arithmetic mean of the squares of a

set of instantaneous amplitudes.

Sabin—A unit of measure of sound absorption.

Soxe—A unit of loudness. A simple tone of frequency 1000 Hz 40 dB above a

listener's threshold generates a loudness of one sone.

Souxd—Auditory sensation produced by the oscillation in stress, pressure, particle

displacement, particle velocity, etc., in a medium with internal forces, or the

superposition of such propagated alterations.

Sound Absorption-—A property of materials to absorb energy and reduce the amount

of sound energy reflected.

Sound Absorption Coefficient—A measure of the sound-absorbing ability of a

surface. This coefficient is defined as the fraction of incident sound energy

absorbed or otherwise not reflected by the surface.

Sound Analyzer—A sound analyzer is a device for measuring the band pressure

level or pressure-spectrum level of a sound as a function of frequency.

Sound Energy—Energy added to the medium in which sound travels; consists of

potential energy in the form of deviations from static pressure and kinetic

energy in the form of particle velocity

Sound Intensity- (Sound Power Density or Sound Energy Flux Density)—
In a given direction, at a point, there exists an average rate of sound energy

that is transmitted in a specified direction through a unit area normal to this

direction at the point being considered.

Sound Level (Xoise Level)—A weighted sound-pressure level that is measured by

using a metering characteristic. The weighting is A, B, or C. Reference pressure

is 20 micronewtons per square meter (2 X 10"4 microbar).

Sound Level Meter—An instrument, comprising a microphone, an amplifier, an

output meter and frequency-weighting networks, that is used for the measure-

ment of noise and sound levels in a specified manner.

Sound Power—The rate at which acoustic energy is radiated; rate of flow of sound

energy; units in watts.

Sound Pressure—In the presence of sound, a fluctuating pressure that is super-

imposed on the static atmospheric pressure.

Sound Pressure Level—20 times the base 10 logarithm of the ratio of the pressure

of the sound to the reference pressure. Reference pressure is usually equal to

2 X 10
-4

microbar or one microbar. The first value is used for measurements

concerning hearing with sound, air or liquids. The second value is used for cali-

brations of transducers and various sound measurements in liquid medium.

Sound Transmission Loss of a Partition—The ratio of the airborne sound power

incident on the partition expressed in decibels to the sound power transmitted

by the partition to its other size. A specified band must be noted.

Spectrum—A continuous range of components which have several specified

characteristics.

Spectrum Level—Ten time the logarithm to the base 10 of the ratio of the squared

sound-pressure-per-unit bandwidth to the corresponding reference quantity. Unit

of bandwidth is Hertz; reference quantity = 20 (micronewtons/meter) 2 -i- Hz.
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Standing Wave—A periodic wave that has a fixed distribution in space. It is the

result of the interference of progressive waves of identical frequencies. It is

characterized by the existence of nodes or partial nodes and antinodes stationed

at fixed points in space.

Stationary—Characteristic of a noise whose spectrum and amplitude direction do

not change with time.

Time Series—A succession of discrete trials made at points in time. Spacing of trials

is generally uniform on a time scale.

Tone—A sound sensation having pitch, and capable of causing an auditory sensation.

Transducer—A system or device which is actuated by waves from one or several

transmission systems. It supplies related waves to one or more other transmission

systems.

Transmission Loss—A measure in decibels of a material's ability to prevent sound

from passing through it.

Vihration—An oscillation where the quantity is a parameter (not scaler) that de-

fines the motion of a mechanical system.

Wavefront—An imaginary surface of a sound wave on its way through the atmos-

phere. At all points on the wavefront, the wave is of equal amplitude and phase.

White Noise—Noise whose energy is uniform over a wide range of frequencies,

being analogous in a spectrum characteristic to white light.

SYMBOLS

A Amplitude of velocity potential; strength of a simple source

a Radius of a diaphragm, tube, or radiator; total acoustical absorption

in a room

f Frequency

fE Resonant frequency; torque

Hz Hertz

k Boltzmann Constant

Pa Acoustical power

p Sound pressure (rms)

pa Sound pressure (average)

Pi Sound pressure (instantaneous)

pm Sound pressure (maximum)

p p Sound pressure (peak)

r Distance from source

T Absolute temperature; kinetic energy; period T =

t Thickness; time

V Volume

Note: For a more complete glossary of terms and symbols, please refer to the American
National Standard Acoustical Terminology (Sl.l—1960 (R'l971)).
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Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To tJie American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

The committee is reviewing the entire material for revision, updating,

and indexing to the decimal system. Xo report included herein.

1. Classification Yards, Collaborating as Xecessary or Desirable with

Committee 16.

The report, "Study of the effects of approach grades and vertical

curves on hump gradient design," supplements data found in the

Manual. The subject is submitted as information with consideration

for future Manual material page 606

605
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2. Scales Used in Railway Service, Collaborating as Necessary or Desirable

with the Committee on Electrical Energy Utilization.

No report.

3. Security and Protective Measures in Yards and Terminals.

An interesting report outlining the problems and counteracting meas-

ures to minimize vandalism and theft in yards and terminals. The subject

is submitted as information with recommendation the data be considered

for future Manual material page 609

4. Design Criteria for Study of Car Rollability.

No report.

5. Trends in Intermodal Facilities.

No report.

6. New Applications of Computers to Classification Yards, Collaborating

as Necessary or Desirable with Committee 32.

No report.

The Committee on Yards and Terminals,

G. H. Chabot, Chairman.

Report on Assignment 1

Classification Yards

P. E. VanCleve (clwirman, subcommittee), R. F. Beck, H. R. Beckmann, A. E.
Biermann, H. L. Bishop, R. E. Bredberg, H. E. Buchanan, E. W. Buckles,
G. P. Burns, G. H. Chabot, J. F. Chandler, H. P. Clapp, D. V. Clayton,
A. V. Dasburg, F. D. Day, P. J. DeIvernois, Jr., V. H. Freygang, M. R.

Gruber, Jr., J. N. Hagen, D. C. Hastings, L. J. Held, A. L. Hunter, C. F.

Intlekofer, J. B. Kerby, C. J. Lapinski, J. A. LeMadre, S. J. Levy, V. L.

Ljungren, E. T. Lucey, S. N. MacIsaac, J. G. Martin, H. J. McNally, R. E.
Metzger, R. G. Moffat, B. H. Price, Jr., L. J. Riekenberg, W. P. Rybinski,

J. G. Skeen, Jack Sutton, L. G. Tubman, A. J. Trzeciak, D. W. Wessels,
P. C. White, J. Zaenger, J. R. Zebrowski.

EFFECT OF APPROACH GRADES AND VERTICAL CURVES ON
HUMP GRADIENT DESIGN

Your committee presents this report as information and for consideration for

future Manual material.

Chapter 14, Part 3-D of the Manual covers the design of the hump classifica-

tion yard and describes the method of calculating the hump height and the gradients

from the hump crest to clearance points of classification tracks. For more precise

results, a "Design Crest Point" must be developed for use in the calculations.

Briefly, the theory for calculating the hump height and gradients is as follows:

1. Total hump height (H) calculations are based on the rolling resistance of

the hard-rolling car. This is to assure that all humped cars will roll to the

clearance point.
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2. The calculations for elevation drop from leaving end of secondary re-

tarder to clearance point (H2 ) are based on the rolling resistance of

the easy-rolling car. This is to assure that cars will not gain excessive

speed after leaving the secondary retarder.

3. The elevation drop between crest and leaving end of group retarder (Hi)

is the difference between H and H2 . The Manual describes the method
for distribution of elevation drop H. Capacities of master and secondary

retarders are based on the energy head developed by the easy rolling car.

A common assumption is that the location and elevation of the actual crest of

the hump is used for design purposes. However, because the hump is usually on a

vertical curve, the center of gravity of a car never attains its true elevation above

top of rail at the crest. Also uncoupling of the humped car is usually done when it

begins to accelerate and its rear coupler starts to gain slack from the coupler of the

following car. This should occur just after the humped car reaches a point where

the car is on a gradient line equal to the maximum non-accelerating gradient for

that car. For these reasons, it is necessary to develop the "Design Crest Point" for

calculating hump height and gradients, as illustrated in Figure 1.

ACTUAL CREST POINT

DESIGN CREST POINT

FIGURE |: CAR IN UNCOUPLING POSITION

The gradient is a line drawn between front and rear wheels of the car

(A and B), at the contact points with the rail. The Design Crest Point is the inter-

section of the car's center of gravity vector (C) with gradient line A-B. Since total

hump height is designed for the hard-rolling car, the gradient line and the distance

A-B should be based on the hard-rolling car and its maximum anticipated truck

centers. The hump crest profile should then be designed so that the Design Crest

Point will be at the desired hump height and distance from clearance point.

If multiple car cuts are humped with sufficient frequency to be considered a

design factor, the principles outlined above can be used to determine a Design Crest

Point for multiple cuts.

Since there is usually a vertical curve at the leaving end of the group retarder,

the required drop to clearance point (H») should be adjusted as follows and as

shown in Figure 2.
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HGROUP
RETARDER

C v P0INT Z ACTUALr
CLEARANCE POINT

FIGURE 2: CAR LEAVING GROUP RETARDER
AND CLEARANCE POINT

The car is positioned with the rear wheels just beyond the leaving end of the

group retarder. Point X is the intersection of the car's center of gravity vector (C)

with a line drawn between front and rear wheels of the car (A and B), at the con-

tact points with the rail. Distance A-B should be based on die minimum anticipated

truck centers for the easy-rolling car. The elevation of point Z should be established

so that a difference in elevation between points X and Y will equal the required

drop in elevation H>.

Since distance is a factor in calculating total hump height H and elevation

drop H2 , the points established for the car in its uncoupling position (Design Crest

Point), its group retarder leaving position (point X) and its clearance point position

(point Y) must be used for the distances used in die formulas for calculating H
and H2 .

Retarder capacity must be sufficient to retard the easy-rolling car and produce

an acceptable exit speed from the secondary retarder. Therefore, a Design Crest

Point for elevation drop Hi should be developed as shown in Figure 1, but with

gradient line and distance A-B based on the easy-rolling car and its minimum antici-

pated truck centers. For simplicity, the actual crest point of the hump could be used

to calculate elevation drop Hi. This would provide a small safety factor in the cal-

culation of retarder capacity.
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Report on Assignment 3

Security and Protective Measures in Yards
and Terminals

S. J. Levy (chairman, subcommittee), R. P. Ainslie, J. K. Aust, A. E. Biermann,
G. H. Chabot, J. F. Chandler, M. K. Clark, E. H. Cook, P. J. DeIvernois,
Jr., M. R. Grurer, Jr., H. L. Haanes, W. J. Hedley, L. J. Held, F. A. Hess,
C. F. IXTLEKOFER, C. J. LaPINSKI, V. L. LjUNGREN, J. G. MARTIN, A. MaT-
thews, Jr., H. J. McNally, R. E. Metzger, R. G. Moffat, A. W. Niemeyer,
W. L. Patterson, B. H. Price, Jr., J. M. Randles, W. H. Rankin, L. J.

Rdzkenberg, W. P. Rybinski, W. D. Slater, C. E. Stoecker, K. D. Tidwell,
L. G. Tieman, A. J. Trzeciak, Howard Watts, Jr., C. C. Yespelkis, J. R.

ZEBROWSKI.

Your committee submits the following report as information with the recom-

mendation that the subject be considered for future Manual material.

Security and protective measures deal with two inter-related problems: van-

dalism and theft.

The Federal Railroad Administration reports that in 1970 individual railroads-

suffered losses from vandalism ranging from less than $1,000 to more than $2,000,-

000. Losses were in almost direct proportion to the size of the railroad; about one-

fourth occurring in yard areas and more than one-half of the total occurring in

urban areas. One hundred sixty-six vandalism-caused accidents resulting in five

deaths and 18 personal injuries were reported in that year. The average vandal is a

white male, 14 years old, who does his worst during the hours of 3:00 to 8:00 p.m.

on a spring day.

Loss of cargo within the transportation industry has been estimated by the

Department of Transportation to exceed $1 billion per annum. This is twice the net

income of Class I carriers in 1972. Eighty-five percent of this material is lost to

"authorized persons" who are, in one way or another, authorized to be in the area

of the cargo or to have access to it. About one-fourth of the total loss is in the

nature of pilferage where less than one case of the goods is taken.

As long ago as 1914, one railroad was telling its employees that they had to

haul a ton of coal 40 miles in order to make up for the loss of one bushel of it

while in transit. The cost of vandalism and theft today expressed in terms of ton-mile

net profit is staggering. These costs, like all others, are rising rapidly. Their reduc-

tion requires careful planning and conscientious execution.

The engineering aspect of security and protective measures may be divided

into three parts: (1) The prevention of access; (2) Surveillance assistance; and

(3) Minimization of money losses. In all three facets, the advice and cooperation

of the security department is a necessity. All changes in the physical facilities of a

railroad should be referred to the security department for advisory action.

Security and protective measures must be carefully considered and designed

to fit each individual situation. The nature of the surrounding area, a histoiy of

losses in the specific or similar areas and the nature of the exposure to loss are pri-

mary considerations. Situations vary gready. Bulk handling facilities require the

least protection while cargo handling areas such as loading docks and warehouses

are most vulnerable.



610 Bulletin 646—American Railway Engineering Association

1. Prevention of Access

Access by trespassers may be prevented by a number of means. Fences are the

most common. They should be high enough and equipped with sufficient barbed

wire overhang to prevent easy scaling. Fences must be maintained in good

condition.

Ditches are also commonly used. They should be as wide, deep and as wet as

local conditions and ecological considerations will permit. They are especially helpful

in preventing vehicular access as are earthen mounds or bunkers.

Thick vegetation, in the nature of heavy bushes and young trees, is effective

in stopping vehicles. If used without other barriers it can have a reverse effect

where individual trespassers, especially children are concerned.

Motorcycle and bicycle access should be prevented.

Lighting of perimeter areas is also a useful deterrent to trespass. A high degree

of contrast should be obtained.

Guard dogs may be used effectively in enclosed areas.

Care should be taken to avoid "attractive nuisance" situations.

Careful consideration of architectural details to eliminate ground floor openings,

dark or hidden areas and similar exposures will be helpful.

Protection within the perimeters of the yard or terminal area is of greater

importance and should be considered separately.

Specially protected areas should be provided for sensitive cargo and for com-

pany owned materials and equipment most liable to theft or damage.

Parking areas should be as far from operating areas as practical. Access should

be of limited nature and restricted to identified vehicles.

Parking areas and access routes to operating areas should be sufficiently well-

lighted for good surveillance. Separate visitor parking should be provided away

from sensitive areas.

All persons and vehicles entering or leaving the facility should be subject to

identification procedures. Seldom used and even unused guard stations and camera

mounts are helpful. Access routes should be minimal.

Gates having security force locks only should be located as necessary to give

security forces quick access to all areas.

Chained or post and cable gates are effective only in controlling parking.

2. Surveillance Assistance

Surveillance assistance is the facet of engineering involvement in security

showing greatest progress in recent times.

Lighting systems are of the greatest importance in maintaining good surveil-

lance of any operating area. Levels of lighting should be high enough to allow

easy observation of persons or vehicles moving in any area. Shadows should be kept

to a minimum.

Alarm systems have been greatly improved in recent years. Systems triggered

by light, sound, heat, movement or electro-magnetic fields are newly available as

well as the electro-mechanical and light beam photo-electrics which are still the

most common. These should be so designed that they cannot be triggered by birds,

rodents or wind-blown debris. Light sensor, heat sensor and light beam types are

also helpful as fire alarm devices. More sophisticated systems are more effective,

more expensive and more subject to false indications than the simpler ones. They

also require more highly trained personnel to maintain and use them. Alarm systems



Yards and Terminals 611

may be local, central, agency, police-connected or a combination of these. They
should be designed and used as surveillance aides only. They extend the effective

range of the security officer but cannot wholly replace him.

Closed-circuit television scanners are of limited use in railroad security. Light

intensification equipment, newly available, enhances their effectiveness. The equip-

ment itself is subject to loss and damage and must be protected.

The use of light intensification equipment by itself can be very useful. The light

amplification is such that it is possible for security officers using hand held equip-

ment literally to "see in the dark."

Transparent partitions and barricades should be used where possible to increase

visibility.

Communications systems should be available at all times for transmission of

security information. Direct telephone lines to security offices and radio monitoring

by security forces are helpful.

Alternate power sources should be provided to prevent lighting, alarm system

or communication failures. Redundancy, tamper proofing and circuit protection

should be applied wherever practical.

3. Minimization of Money Losses

The cost of vandalism and theft should be minimized by all means available.

Usable and salable materials should be kept in protected locations as much as

possible. More durable materials should be substituted where economically feasible.

Plastic for glass is an example. Easily cleaned surfaces should be substituted for

those more susceptible to permanent marking. The use of less expensive, easier to

replace and expendable materials should be explored.

The engineering department should act in an advisory capacity and engineer-

ing expertise should be exercised in developing and executing security programs.

The most effective security device is an honest, alert and conscientious em-
ployee. Employees on all levels should be made aware of security requirements and

encouraged to report any condition or action that might be detrimental to security.

Two publications of the many available are recommended:

a. Department of Transportation pamphlet, DOT P 5200.2 "Guidelines for

the Physical Security of Cargo" available from the U. S. Government

Printing Office book stores; and

b. Department of Transportation booklet, FRA-OPP-73-4 "Vandalism" avail-

able from the National Technical Information Service, Springfield, Vir-

ginia 22151.

These books provide ample treatment of the problems and should be most

helpful in developing solutions.
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To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Fabrication.

No report.

2. Laying.

No report.

3. Fastenings.

No report.

4. Maintenance.

No report.

7. Field Welding.

No report.
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8. CWR Field Handbook.

Final report presented as information page 614

The Committee on Continuous Welded Rail,

B. J. Gordon, Clwirman.

Report on Assignment 8

CWR Field Handbook

V. R. Terrill (chairman, subcommittee), G. J. Harlock, M. C. Hollowaty, B. J.

Johnson, K. J. Ludwig, J. F. Lyle, M. Michaud, R. Rotter, C. N. Scott,
T. C. Shedd, M. S. Wakely.

In accordance with its assignment, your committee has developed a "Field

Handbook on Continuous Welded Rail" which is presented below as information.

This is the final report on the subject.

Field Handbook on Continuous Welded Rail

FOREWORD
This document is an effort of the AREA Committee on Continuous Welded

Rail to give, to the maintenance of way supervisor in the field, a guide and refer-

ence on field procedures in the handling, laying and maintenance of CWR.
No information is included on the fabrication of CWR or any other technical

or mechanical aspect which would be of little use to the man in the field.

It is hoped that the document will be of value to railroads and other involved

or interested groups which are preparing to use CWR. Other groups already in their

early experiences with CWR might find this document of value.

Readers of this document will note that there are some discrepancies between

the material presented herein and material in the AREA Manual for Railway Engi-

neering. The Committee On Continuous Welded Rail feels that the material in this

document is currently correct. It is probable that AREA Manual material on these

subjects will be brought up to date.

CONTENTS
Page

I Handling and Transporting CWR 615

II Recommended Laying Procedure, CWR Existing Track 617

III Construction of a New Line of Railroad with CWR 620

IV Inspection and Maintenance of CWR in Track 621

V Transposing CWR 624

VI Index of Continuous Welded Rail Manual Material 625
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I HANDLING AND TRANSPORTING CONTINUOUS
WELDED RAIL (CWR)

A. Before Loading CWR
( 1 ) Carefully inspect the rail train running and draft gear to insure no irregulari-

ties exist.

(2) Properly position all coupler blocking to insure that slack action will not

develop in transit. Secure lift-pin handles to discourage uncoupling.

(3) Tie-down car equipment should be arranged so that it will not be damaged
when loading CWR strings.

(4) All defective rollers or racks should be replaced or repaired and the entire

train lubricated as required.

(5) Transition or run-down rollers should be properly elevated and secured to

provide a smooth and safe operation.

(6) Train should be blue-flagged or switch spiked against the loading track or

otiier safety precautions taken to prevent coupling.

B. Loading CWR
( 1 ) Each string should be equipped with adequate nosing or a rail shoe for

ease in guiding strings. If point men are necessary to guide the strings on the train,

radio communication should be maintained between the point man and pusher

operator.

(2) Each string should overhang the terminal rail racks on the end cars a

sufficient distance to insure the strings will not pull through the terminal rack when
the train is negotiating the greatest curvature on its route. Recommended overhang

length is 15 ft to 20 ft.

(3) Each string should be tied down securely and conveniently near center

of the train, not at the ends. A paint mark should be made on the head of each rail

at tie-down point to determine movement of rail in transit.

(4) Where practicable a buffer car of sufficient height loaded with ballast should

be placed at each end of the rail train before movement of rail to its destination

is commenced. If five or more layers of rail are being transported, a box car filled

with sawdust, wood chips, baled hay or similar material should be used because

of its additional height.

(5) Slack must be blocked out of the couplers of the buffer cars and lift-pin

handles secured to prevent uncoupling.

C. Transporting CWR
( 1 ) Where practicable each rail train should be accompanied by a rider to

insure its proper handling, and also by a person qualified to inspect die load and

train at every opportunity for defective equipment or fastenings. If a rider is not

practical then the tie-down of each rail train should be frequently inspected by

qualified persons to assure that the rail is adequately tied down throughout transit.

(2) The loaded and empty rail train should be handled as a unit at all times

and should be positioned next to the engine when handled with other traffic when

loaded and at the rear when empty.

(3) Sudden stops and rough coupling should be avoided. Cars should not be

dropped on to a rail train or rail train dropped on other cars. The loaded or empty

rail train should not be coupled to the locomotive when it is switching.
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(4) It is recommended that the loaded rail train speed be reduced from maxi-

mum speeds in the territory over which it passes. There is usually no speed restric-

tion on an empty rail train.

(5) In the event that a break-in-two occurs between cars carrying long strings

of rail:

(a) Notify dispatcher immediately, stating location and all pertinent data

regarding the incident.

(b) If possible, clear the main track. The rail train should be equipped with

several lengths of air hose with "glad-hand" connections and heavy chain

or cable for coupling cars together. This equipment should be about

25 ft long. The air hose could then be used to restore air throughout

the entire train. The heavy chain or cable could be used to tie the car

together at the point of the break.

(c) The train so coupled may then be moved with extreme care to the

nearest set-out point or siding.

(d) If train is on a grade, sufficient hand brakes should be applied to secure

the cars to prevent any movement until air pressure is restored through-

out the train.

(e) In the event of defective rolling stock equipment or running gear, block

the rail so that rail train may be moved into a siding for permanent

repairs or similar action taken.

D. Unloading CWR
( 1 ) Prior to unloading CWR, present practice is to trench through road cross-

ings and street crossings and fill the trench with old ties to allow continued use of

the crossings. Also, wing fences and cattle guards should be removed. The timber

running rail of motor car set-offs should be removed and an open trench made
through the set-off area in which CWR can be placed. After CWR has been un-

loaded, trenches made through crossings may be filled and set-off running timbers

can be replaced to permit usage of the facilities until CWR is laid in track.

(2) It is recommended that the locomotives push the rail train during un-

loading operations so that enginemen may readily see the entire operation.

(3) The train and engine crews should be instructed that rough handling

with sudden stops or jerks will not be permitted. Sufficient braking should be main-

tained on the rail train to control any slack run-in.

(4) It is recommended that portable radios be provided in order that constant

communication may be maintained between the engine crew and the supervisors in

charge of unloading. Radio units should be checked beforehand to insure they are

properly operating.

(5) Present practice is to unload CWR in an upright position if possible.

(6) Once the strings have been drawn through the unloading threaders and the

rail is partially on the ground, a back-up movement should not be permitted. If in

cases of emergency, it is necessary to make a back-up movement, then each string

should be equipped with a shoe and each guided by a point man.

(7) It is recommended that CWR strings be unloaded on each shoulder of the

track so that the strings are unloaded as near to the ends of the ties as possible. Care

should be taken to offset the ends of the strings after the rail is unloaded, and pe-
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riodic checks should be made to see that the ends remain offset until the rail is

installed. This is necessary to prevent rails from fouling the track in the event the

rail moves. A block of wood may be used between rail ends to maintain the offset.

(8) CWR when unloaded on open-deck bridges should be secured to prevent

lateral movement. When CWR is unloaded across open-deck bridges, it is generally

necessary to provide some type of support for the rail on each side of the bridge.

These supports are usually timber or pieces of lightweight rail securely fastened

in the checks between the bridge ties and under the guard rails so that the CWR
will be on a level approximately even with the top of the bridge ties. It is usually

the practice not to have the spacing of these supports over 50 ft center to center.

When rail is unloaded across ballasted-deck bridges, it is generally the practice to

unload it in the same manner as on regular track, except that the guard timbers

should be raised, if necessary, to assure that the CWR will not go to the outside

of the guard timbers when unloaded.

(9) All tie-down car fastenings should be loaded and secured before the empty

rail train is returned to the welding plant.

II RECOMMENDED LAYING PROCEDURE CONTINUOUS
WELDED RAIL (CWR) EXISTING TRACK

( 1 ) Continuous Welded Rail : A number of rails welded together in lengths

of 400 ft or longer. (Welded Rail: Rails welded together in lengths of 400 ft or

less)

(2) Present practice is to lay continuous welded rail (CWR) in lengths of

1320 to 1440 ft, except for special lengths required for certain locations such as road

crossings, in or near switches and railroad crossings.

(3) It is recommended that track on which it is proposed to lay CWR be put

in good alinement and surface and have at least a standard ballast section.

Note A: Federal Railroad Administration (FRA) Track Safety Standards

213.119 (b): "After CWR has been installed, it should not be disturbed at rail tem-

peratures higher than its installation or adjusted installation temperature."

(4) It is recommended that prior to the laying of CWR, the maximum and

minimum rail temperatures experienced in the area should be determined and re-

corded, as laying procedures are dependent on the total range of temperature to

be experienced by the rail.

(5) Place tie plates in center of track.

(6) Remove anchors, throw to one side of track or load and dump in piles.

(7) Remove joint bolts unless bolted track is to be removed in strings. (Ma-

chine^) recommended)

(a) Burn off frozen bolts.

(b) Remove old joint bars from laying area.

(8) Remove spikes (machine(s) recommended), load scrap and dump in piles

on one side of track.

(9) Set old rail outside new rail. It is recommended that a rubber-tired crane

or similar machine be used for this operation. (AREA plan 31-62) (AREA plan

10-62)

(10) Throw out plates on opposite side of track from scrap.
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(11) Plug spike holes.

( 12 ) Remove sufficient ballast from cribs for adzing and anchor application.

( Machine ( s ) recommended

)

(13) Drive spike stubs.

(14) Adz ties sufficiently for good plate bearing. (Machine(s) recommended

for uniform surface). It is recommended that adzed surfaces be creosoted.

(15) Place plates on ties in proper location with cant in proper direction.

(16) Set tie plates to gage. Double-shoulder tie plates should be used for all

CWR laid. It is recommended that every fourth tie be drilled and a gage plug in-

serted to hold plate to gage. (Machine(s) recommended). It is further recommended

that rail be laid at 56M-inch gage unless specifically changed by railroad.

( 17 ) Before continuous welded rail is laid over open-deck bridges, all hook

bolts, spacers, and other fastenings should be checked, and all replacement and

tightening that is required should be done.

(18) It is recommended that the welded rail be pulled onto the plates by use

of machine with a threader. When laying CWR, the rail ends should be laid without

expansion gap.

( a ) Where it is necessary to move strings, they should be pulled into position.

Bumping CWR into position is not recommended.

(b) CWR should not be laid across long open-deck bridges. The end of a

string should terminate a sufficient distance from the end of the bridge

to allow proper anchorage. Rail anchors should not be used on an open-

deck bridge without special precaution. If structural stresses are signifi-

cant on bridge, CWR can be laid stress-free by using sliding rail joints.

If rail cannot be laid stress-free, a structure analysis should be made to

avoid damage.

(19) It is recommended that all joints be field welded or glued and insulated

joints be glued.

(20) It is recommended that rail be heated or cooled as necessary to desired

laying temperature or adjusted mechanically. (Refer to Item 4 above). When it is

necessary to heat rail to the preferred laying temperature, the procedures to be

followed are:

(a) Touch-type pyrometer should be used in order to determine the rail

temperature immediately.

(b) It is recommended that reference points be marked on the rail and tie

plates and rail expanded in accordance with Table II—Continuous

Welded Rail Expansion Segments, to ensure that the rail string is being

uniformly elongated.

(c) To ensure that the rail is elongating in accordance with the heat input,

the tie plates should be tapped or rail vibrated to assist the movement

of the rail.

It is recommended practice to lay CWR when the temperature is within the tem-

perature range as described in Table I. When it is not possible to lay the rail within

this temperature range, it is desirable to adjust at a later date when the temperature

reaches this range. Buffer rails less than 39 ft in length may be used as desired.

The preferred laying temperature may be calculated from Table I. The laying and/or
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adjusted temperature and string number may be painted on the rail at the end of

each string or similar effective tagging procedures carried out. A list of these tem-

peratures should be forwarded to the proper office for engineering reference.

(21) It is recommended that rail anchors be applied immediately behind the

laying of CWR and that all rail laid each day be fully anchored before the day's

work is completed. The rail should be anchored in accordance with Rail Creepage

—

Number and Position of Rail Anchors (Continuous Welded Rail), Part 5, this Chap-

ter, AREA Manual 5-5-4 Item 8 and 5-5-5. Refer to Track Safety Standards F.R.A.

213.119 (a) and 213.125. (Machine(s) recommended)

(22) It is recommended that joints be made with a fully bolted standard joint.

If at all possible, joints should not occur in road crossings or on an open-deck bridge.

(23) When necessary to field cut and drill rail, the cut should be sawed square,

the holes properly drilled, chamfered or peened and deburred. Flame cuts should be

avoided.

(24) It is recommended that rail ends of all field cut rail be bevelled and end-

hardened, if practical.

(25) If field welding of strings is to be done, all CWR should be adjusted to

the preferred laying temperature beforehand.

(26) It is recommended that ties be pre-bored with machine(s).

(27) Drive spikes (machine(s) recommended). Refer to "Minimum number of

track spikes per rail per tie, including plate holding spikes," Track Safety Standards

FRA 213.127.

(28) It is recommended that material be distributed ahead of laying operation

but such may be done within the laying organization.

(29) It is recommended that scrap and relay material be picked up prior to

final surface and alinement.

(30) Finish surface and line track. Refer to Item 3 above. (Machine(s)

recommended

)

(31) Dress track. (Machine(s) recommended)

Table I

Temperature Laying Temperature

Range (Referring to Mean)
Degrees F Max. Min.

100° — 5 - 15

110° -10
120° + 5 — 5

130° +10
140° +15 + 5

150° +20 +10
160° +25 +15
170° +30 +20

Example: In an area where CWR is to be laid, the maximum summer

Rail Temperature is 125° F and winter —35° F. The mean temperature is

125 —— = 45°. Referring to Table I, for a range of 160° F, the rail is to be

laid between (the mean +25) and (the mean +15), or between 70° and 60°.
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Table II

—

Continuous Welded

Temperature
Differential

Degrees F 9

5 9/64
10 9/32
15 27/64
20 9/16
25 45/64
30 27/32
35 63/64
40 1 1/8
45 1 17/64
50 1 13/32
55 1 35/64
60 1 11/16
65 1 53/64
70 1 31/32

Rail Expansion Segments (Inches)

Number of 39-Ft Rail Lengths
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(10) While connections are being made, WAM works toward rail train, lifting

rail and removing rollers, allowing rail to drop into rail seats on ties. Rollers should

be moved ahead on the new construction to prepare for unloading of next two rails.

(11) Rail-holding devices on concrete ties and spikes in wood ties should

then be applied in sufficient quantity to preserve gage while the rail train is now
moved ahead over rail just unloaded.

( 12 ) When rail train reaches the end of rails, process can be repeated pro-

viding a continual efficient laying of rail.

( 13 ) If open-deck bridges are encountered, rail should be disconnected from

WAM, WAM moved across bridge, rail pulled across bridge by cable, then recon-

nected to WAM for continued laying.

( 14 ) Completion of track, including full spiking, application of rail anchors

or other devices, ballasting, surfacing, lining and dressing, should follow tire rail

train closely.

IV INSPECTION AND MAINTENANCE OF CONTINUOUS
WELDED RAIL IN TRACK

( 1 ) Attention should be given to adequacy of ballast section at sinks, culverts,

on ballasted-deck bridges, at ends of all bridges, where vehicles are driven along

right-of-way, and where foot paths cross tracks.

(2) In the fall, a special inspection of joints in welded rail should be made
for bent and missing bolts. Anchor pattern should be checked and anchors positioned

against the ties.

(3) Look for evidence of rail moving through anchors. This is apparent if a

one-way anchor is not bearing against tie. It may be necessary to make tempera-

ture adjustments or add additional anchors.

(4) Look for evidence of track moving downhill or with the current of traffic

by noting if anchored ties are moving toward non-anchored ties. It may be necessary

to relieve undesirable stresses by cutting out rail at head end of movement and

adding rail at other end.

(5) If there are short flat spots in curve alinement or minor line kinks in tangent

track, determine if ties are floating in the ballast section by digging out a tie end.

Welded rail must be kept tightly tamped.

(6) Determine if base of rail is seated uniformly on tie plates. If rail is tilted

on one side of base, it may be necessary to relieve pressure to prevent buckling or

pull-apart.

MAINTENANCE OF CONTINUOUS WELDED RAIL
(MANUAL MATERIAL, PAGES 5-5-4.1, 5-5-4.2)

1. General Maintenance

a. Recommended AREA ballast section should be maintained at all times.

b. Good tie condition should be maintained at all times with sufficiently sound

ties to maintain adequate gauge, surface and line.

c. Surface and fine should be maintained at all times to adequately handle type

of traffic to be operated.

d. Rail anchorage should be maintained in accordance with Rail Creepage—
Number and Position of Rail Anchors ( Continuous Welded Rail ) , Part 5, this Chap-

ter, and maintained to obtain maximum designed restraining force.

Bui. 64G
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e. Out-of-face tie renewals and surfacing should be carried out when the tem-

perature is the same or lower than the laying or adjusting temperature.

2. Tie Renewals

a. Do not remove more ballast from ends of ties to be replaced or from cribs

than is absolutely necessary.

b. Surface and alinement of track should not be disturbed more than is abso-

lutely necessary.

c. There must be at least three adjacent ties properly spiked for every tie from

which spikes and anchors have been removed. Where heavier tie renewal is required,

renewals should be done in two or more passes, and sufficient time should be

allowed between passes to assure that the ties to remain are firmly embedded in

the ballast.

d. Installation of spikes and rail anchors should be made immediately after

new tie insertion.

e. Upon completion of tie renewals, recommended ballast section should be

immediately established.

3. Surfacing

a. Track should not be surfaced until sufficient ballast is distributed to provide

recommended ballast section after surfacing.

b. Track should not be raised more than necessary to maintain good surface.

c. When surfacing track out-of-face, both rails should be raised simultaneously,

maintaining cross level.

4. Lining

a. Track should not be lifted above established face when fining.

b. Ballast must be replaced at tie ends immediately after lining.

5. Repair of Buckled Track

a. When immediate temporary repairs are necessary, track should be lined to

best possible curve, and the required clearance provided

b. For permanent repairs, tracks should be restored to correct line and specifi-

cations for CWR.
c. When correction requires cutting of the rail, final saw cut should be made

in the buffer rail or at the end of the string. If that is not practical, the rail should

be cut at or near the buckle. In all cases, the final cut should be made by rail saw.

6. Repair of Broken Rails, Pull-Aparts and Other Defects

a. If the rail pull-apart is less than 3 inches, heat should be applied to both

rails a sufficient distance to obtain closure. Rail anchors should be reapplied or

readjusted immediately after obtaining rail closure.

b. Broken rails, defective rails or pull-aparts in excess of 3 inches should be

repaired by saw cutting in a short section of rail not less than 10 ft in length or by
installation of a longer buffer rail. Where necessary, short or buffer rails should be

adjusted at a later date to the mean temperature plus or minus 10° F.

c. When a straight break occurs and there is no other defect in the rail, angle

bars may be applied. Care should be taken to assure proper bearing of the angle

bars.
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7. Maintenance of Joints

a. All joints should be fully bolted and bolts kept tight at all times. Bent bolts

should be replaced.

b. Bolt holes in the rail shall be of proper size and spacing and shall not be
made by use of a cutting torch. All new bolt holes in the rail should be peened.

c. Particular care should be exercised at all joints to assure good surface and to

protect rail ends from wear.

RECOMMENDED FIELD REPAIRS TO PRESSURE BUTT WELD FAILURES
(MANUAL MATERIAL, PAGES 4-2-6.10 AND 4-2-6.11)

The following procedure is based on providing a proper rail temperature adjust-

ment in accordance with local established requirements.

1. Repair by saw cutting in a short section of rail with the application of standard

joint bars:

(a) Determine if a CWR temperature adjustment is necessary by consulting

rail-laying temperature records and other track condition data that may be available

as a result of past track inspections or experiences.

(b) If necessary, proceed with the adjustment in accordance with standard

practice.

(c) Promptly secure the CWR ends to prevent further movement. It is rec-

ommended that additional rail anchors be applied to the CWR ends for a sufficient

distance to protect against rail-end movement in either direction.

(d) Saw cut the CWR, or flame cut if approved, on each side of the failed

weld to obtain an opening for a short section of rail. It is recommended that the

short rail be one-half the standard rail length to 36 ft long or at least 3 ft shorter

than the standard length. If flame-cut, the cut should be reasonably smooth. Smooth

by polish grinding if necessary.

(e) Saw cut a rail to the desired length.

(f) Bevel all cut rail ends.

(g) Prompdy place the short rail into the opening and spike it in place,

(h) Drill bolt holes of standard size. It is recommended that a templet be used

to inscribe the bolt-hole locations. Drilling through the joint bar holes is not

recommended.

(i) Dress the edges of the bolt holes in accordance with standard practice.

( j
) Install standard joint bars fully bolted.

(k) Adjust the rail anchor pattern to conform with standard practice.

(1) If in track circuit territory, install any necessary bond or connection wires.

(m) In a stretch of new rail, if the rail surface has not been sufficiently work

hardened, it is recommended that all cut rail ends be end hardened at this time.

2. Repair by saw cutting in a short section of rail and thermite welding rail ends.

(a) Proceed as outlined in paragraphs (a) through (e) above, except it is

recommended that the short rail be at least 10 ft long or longer, preferably one-half

the standard rail length.

(b) Promptly place the short rail into the opening, spiking it in place.

(c) Line up the rail ends to match, and block or wedge rail ends on each side

of the joint sufficiently to maintain a good match for thermite welding.
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(d) Proceed with thermite welding in accordance with standard practice. (See

Thermite Welding—Rail Joints, Chapter 4 of the Manual, covering minimum re-

quirements for making quality welds good track alinement through the weld and

satisfactory riding characteristics for thermite welded joints).

(e) In saw cutting the opening for the short rail, the rail ends (joints) should

fall in the center of a tie crib and/or ties moved as necessary for the free unob-

structed application of the thermite weld mold.

(f) Adjust the rail-anchor pattern to conform with standard practice.

(g) If in track-circuit territory, install any necessary connection wires.

(h) If a CWR adjustment has been made or is not necessary but conditions do

not permit thermite welding at the time, then drill the rail ends for the temporary

use of standard joint bars with the exception of the first bolt holes of the rail ends.

Omitting these holes will permit thermite welding later without further rail change.

Adjust the rail anchor pattern to conform with standard practice for buffer rail.

Follow with thermite welding as promptly as conditions permit.

If a CWR adjustment is necessary but conditions do not permit it at the time,

it is recommended that thermite welding be postponed. Saw cut in a short plug rail

of approved length. Drill all rail ends for the application of fully bolted standard

joint bars. Adjust the rail-anchor pattern to conform with standard practice for buffer

rail. Follow with CWR adjustment and thermite welding as promptly as conditions

permit.

General

(a) Before proceeding with repairs, thoroughly inspect the CWR and track

condition for a sufficient distance to determine general track and rail condition, rail

anchor performance, ballast condition, track alinement, rail tension or compression,

etc. Any condition found warranting correction should be corrected at that time or

the necessary safeguards taken to provide for the safe movement of trains until it

is corrected.

V TRANSPOSING CONTINUOUS WELDED RAIL

(As recommended and published in Bui. 619, Committee 31 Report on Assign-

ment 4, pages 715-716.)

( 1 ) Saw cut both rails at entering end of curve at a location where rail

contours match.

(2) Remove inside line spikes and rail anchors from both rails around curve.

(Spike pullers recommended).

(3) Nip outside spikes where required.

(4) Set low rail into center of track. (One off-track crane recommended).

(5) Saw cut high rail at leaving end of curve at location where rail contours

match.

(6) Set high rail into tie plates on low side. (Use off-track crane from Step 4).

(7) Field-weld new low side rail at entering end of curve.

(8) Insert tie plugs on new low rail.

(9) Respike new low rail. (Recommend use of spike driver).

(10) Saw cut low rail at leaving end of curve.

(11) Set low rail onto tie plates on high side. (Use off-track crane recom-

mended in Step 4).
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( 12 ) Field-weld new low rail at leaving end of curve.

(13) Field-weld new high side rail at entering end of curve.

( 14 ) Insert tie plugs on new high rail.

(15) Respike new high rail. (Recommend spike driver).

(16) Apply rail anchors. (Recommend two rail anchor machines).

(17) Field-weld new high side rail at leaving end of curve.

INDEX OF CONTINUOUS WELDED RAIL
MANUAL MATERIAL*

Page Title

7 Glossary—Continuous Welded Rail

37 Glossary—Welded Rail
1-2-7 Ballast Section—Tangent
1-2—8 Ballast Section—Curves
4-2-1 Specifications for Steel Rails

4-2-6.1 Specifications for Fabrication of Continuous Welded Rail
4-2-6.5 Inspection and Classification of Secondhand Rail for Welding
4-2-6.7 Thermite Welding—Rail Joints
4-2—6.10 Recommended Field Repairs to Pressure Butt Weld Failures
5-4-1 Specifications for Track Construction
5-5-4 Laying Continuous Welded Rail (CWR)
5-5-4.1 Maintenance of Continuous Welded Rail
5-5-5 Rail Creepage—Number and Position of Rail Anchors

(Continuous Welded Rail)
14-4-11 Rail Reclamation Plants
20-7-44 Form of Agreement to cover Butt Welding of Rail

22-2-3 Weight of Rail

Current to March 21, 1973.
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9. Research Resource Availability.

No report.

Special report, "Community College Programs" page 636

The Committee on Engineering Education,

H. M. Williamson, Chairman.

Report on Assignment 1

Recruiting

W. R. Catching (chairman, subcommittee), W. S. Autrey, J. B. Clark, J. T. Evans,
E. T. Franzen, H. E. Hurst, H. M. Williamson.

In 1973, your committee conducted its third annual survey of college grad-

uates employed by the railroad industry covering the 12-month period August 1972

to July 1973.

Surveys of this kind require input from as many companies as possible in order

that the resulting summary data will be meaningful and useful. We believe this

criteria has been met as completed questionnaires were received from 40 of the

67 Class I line haul railroads including all the major systems, two Class II railroads

and two switching and terminal companies.

Briefly, the survey replies covering 44 railroads reported a high of 144 graduates

employed by one major system, 27 other railroads employed one or more graduates

and no graduates were hired during the period by the remaining 16 companies.

Table 1 provides a detailed summary of the academic degree, course of study and

monthly beginning salaries of 468 college graduates employed by 28 railroads during

the 12-month period August 1972 to July 1973.

The average beginning salaries reported in this table indicate that railroad

salaries paid new college graduates are competitive with average salaries paid in

other industries.

It should be noted that average salaries for Bachelor graduates in Business-

General and Industrial Engineering are somewhat distorted on the high side in

relation to salaries in comparable degree categories. The average for Business grad-

uates has been significantly influenced by input data from one railroad that hired

17 graduates for operating positions at substantially higher than average salaries.

It is probable that salaries paid in this situation were dictated by the high union

wage scale applicable to subordinate employees covered by labor agreements. In the

Industrial Engineering category, only seven graduates were employed by four rail-

roads for somewhat specialized assignments (see Tables 3A and 3B for job titles).

Averages derived from a group this small are not representative.

For a number of years, this committee has been particularly interested in two

areas related to college graduate recruitment:

1. Promotion of undergraduate employment during summer vacations and

through cooperative education programs as a means of attracting college

students to permanent railroad careers upon graduation, and

2. The use of formal training programs to indoctrinate and prepare newly

employed college graduates for future supervisory and managerial assign-

ments.
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TABLE 3A. GLOSSARY OF JOB TITLES IN FIRST AS.:

OF COLLEGE GRADUATES EMPLOYED BY 28 RAILROADS
IN THE 12 MONTHS AUGUST 1972 TO JULY 1973
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TABLE 3B. GLOSSARY OF JOB TITLES IN FIRST ASSIGNMENT
OF COLLEGE GRADUATES EMPLOYED BY 28 RAILROADS
IN THE 12 MONTHS AUGUST 1972 TO JULY 1973
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The unexpected breadth of information shown in Tables 3A and 3B should

prove interesting and informative to both railroad officers and to the faculty and

placement officers of colleges and universities. As in past years, copies of this report

will be mailed to the colleges so that graduating seniors and the academic pro-

fession will be informed of the substantial number and wide variety of attractive

opportunities available in today's railroad industry.

In former years, our survey questionnaire has requested information from each

railroad on their future plans for hiring college graduates in the forthcoming August

to July recruiting year. This data was then used to produce a table of trend com-

parisons from year to year of college recruiting by academic degree and course of

study. Because the survey must be conducted in September, a number of companies

each year have replied that budget forecasts were not finalized and realistic recruit-

ing plans could not be determined. This year's survey questionnaire therefore dis-

continued the request for an estimate of future employment of college graduates.

In view of the above, a new table has been substituted showing year to year

trend comparisons developed from reports of graduates actually hired during the

three years that our recruiting survey has been conducted. Table 4, (see next page)

shows the number of college graduates and average beginning salaries, by academic

degree and course of study, employed in each of the three years August 1970 to

July 1973.

Some of the highlights to be noted from this table are:

1. The substantial increase in Associate Degree graduates employed since

the first survey was conducted.

2. A parallel increase in Bachelor Degree-Science graduates undoubtedly

related to expanded computer applications.

3. Civil Engineering graduates again constitute the largest academic group

employed after a decline the previous year. Table 1 shows that 27 of the

28 employing railroads hired one or more Civil Engineers last year.

4. Beginning salaries continue to rise; however, the sharpest increases appear

in the Business and Sciences category. As noted earlier in this report,

internal railroad wage scales probably influence these salaries more than

external demand for graduates with these degrees.
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Report on Assignment 2

Summer Employment

W. A. Oliver (chairman, subcommittee), T. M. Adams, W. S. Autrey, J. B. Babcock,
R. H. Beeder, T. P. Cunningham, R. J. Fisher, L. E. Gilbert, Claude John-
ston, Jr., T. D. Kern, R. H. Lee, B. B. Lewis, V. J. Roggeveen, D. L. Wilson.

In accordance with its practice, established in 1959, Committee 24 canvassed

the railroads during December 1972 concerning their 1973 summer employment

needs for engineering students. A brief but formal questionnaire was sent to the

chief engineering and maintenance officers and chief personnel officers of the rail-

roads of the United States and Canada requesting information about their require-

ments for the summer of 1973, as well as information about their program of the

preceding one.

The following tabulation presents the results obtained from the questionnaire.

For comparative purposes, the 1972 figures are also given. It should be noted that

the total return of die questionnaire numbered 49 in 1973 as compared to a total

of 68 in 1972. The total return is significant. It is to some extent a measure of the

interest of the railroads in the continuance of this Committee 24 project. The sub-

committee believes that it should be continued because ( 1 ) it is a means of keeping

the importance of the railroads in the total transportation picture before the col-

leges and (2) it alerts die railroads concerning the necessity of continually adding

new talent to their roster of technical employees. A return of tire questionnaire

whether or not employment may be offered indicates a recognition of the above

principles. The tabulation follows.

1973 Summer Employment
Number of

Railroads

Offering employment through Committee 24 8

Offering employment but not through Committee 24 22 (30)

No employment in 1973 19

Total return of questionnaire 49

1972 Summer Employment
Number of

Railroads

Offering employment through Committee 24 9

Offering employment but not through Committee 24 28 (37)

No employment in 1972 31

Total return of questionnaire 68

The returns obtained from those railroads offering summer employment through

Committee 24 were tabulated, reproduced and submitted to some 125 engineering

colleges throughout the United States and Canada where they were brought to the

attention of students by posting on employment bulletin boards and tiirough other

means.
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Information concerning summer employment by the railroads in 1972 was also

requested in the questionnaire. It is a well known fact that the railroads have for

many years been employing hundreds of college students during the summer vaca-

tion months. The following figures are only a partial indication of the total numbers

employed that could have been reported by the railroads, not only by those answer-

ing the questionnaire but also by those not returning it. Consequently, while the

figures are interesting, they should be noted with the understanding that they are

far less than the probable totals obtaining in the entire railroad industry.

Results Obtained from the Questionnaire Concerning

1972 Summer Employment

Engineering and other college students employed during the summer

of 1971 1209

Number of repeats from the summer of 1970 556

Number of those employed during summer months who have become

permanent employees 9°

Committee 24 takes this opportunity to thank the railroads for the support they

have given this project and requests their continuing cooperation.

Special Report

Community College Programs
By P. S. SETTLE

1 and B. M. DAVIDSON2

This report is being made early in a period of resurgency of the railroads. The

members of the AREA and others will be called upon to do what they have always

done best—get things done. And, as in the past, we will look to each other for fresh

ideas on how best to compete with each other.

Intra-industry competition has always been intense in all segments but, in the

railroad field, like a family argument, it forms a common front when the nation

needs the railroad service on which its transportation system is based.

Today we need to plan on how to most efficiently accomplish what needs to

be done. In spite of interfaced computers, automatic classification yards, microwave

communication, and other 20th Century's sophistications, the railroads, or any public

service system, is only as good as the people who make it work. This brings us to

the assignment of this special committee—engineering education and, in particular,

how to benefit by using the available community college programs.

There has been a lot of job-hopping recently which is one indication there

isn't enough qualified help to go around. The only way to lick the problem is to sell

our young people on a career in railroad transportation and then see to it that they

get the chance to be happy and successful in that career. It's up to you and your

management to carry out policies that will provide your companies with an adequate

program for training the people you need for continuity of qualified supervision

and management.

1 President, Railway Maintenance Corporation, Pittsburgh, Pa.
2 Academic Dean, U. S. Naval Academy, Annapolis, Md.
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Engineering degree enrollments are up this year, evidencing a renewed interest

on the part of young people in following careers of accomplishment. Certainly you
will want programs which attract diese graduate engineers and retain them in serv-

ice, but you will also be well advised to initiate parallel programs for a relatively

new source of engineering talent—the graduate of a two-year engineering tech-

nician course.

Not even-one has the opportunity to be developed into a research scientist or

engineer—or, for that matter, wants to be one. There are a great many fine young
men and women who decide an initial two years of career education is for them.

Many of them will be capable of advancing to the top jobs in any business. While

the majority of this group will lack the technical knowledge that graduate engineers

acquire in the third and fourth years of undergraduate studies, they will have a

two-year start in practical knowledge. During these first two years, an employer

has a golden opportunity to develop much needed talent and, at die same time,

make die work so interesting and challenging that many of these young technicians

will decide they have found the career they want. While they should be adequately

paid, they should also be given the opportunity to assume responsibility and made
a part of supervisory management. The ones you are looking for to become lifetime

employees will not be afraid of hard work or long hours, provided they become a

part of a decision making group with responsibility- and authority for the accom-

plishment of the day-to-day work being done. After all, there are many reasons why
young people elect to discontinue their education at the two-year college level, but

being allergic to hard work is not one of them.

We are sure that if a railroad were to guarantee a community college that

they would be employing technician course graduates every year, these colleges

would be interested in developing graduates for that company to employ. If such a

program were combined with summer employment, scholarships for continuing edu-

cation, and a professional recruiting program, the desirable type of student would

be more inclined to accept railroad employment. Young people, while in school

and training, need to know diat die company they will work for offers them an

exciting and rewarding career, and that the company is personally interested in

them as individuals.

This personal interest is most important so die students will not feel they may
be lost in a large company and not be able to receive die training and opportunity

for advancement to which they look fonvard. The "Dale Carnegie" approach of

"How to win trainees and influence technicians" is the one to take.

Railroading in the maintenance of way field is not something that can be learned

from books entirely. It is something that needs to be learned by doing along with

the studying. Young people like to "do" rather than study, and if they can be kept

long enough to acquire three to five years practical experience, the majority will

never want to do anything else. By that time you will have a reliable and productive

supenisor.

Inteniewers should be carefully selected and should be given all the help

they need to make a good first impression on the students and then follow through.

Many of you have Personnel Departments to help, and certainly much has been

written on how to be a successful recruiter. Probably the old rule of thumb on what

attributes make die best boss should be used—the best is ambitious and intelligent,

the next best is intelligent but lazy, and the worst is ambitious and stupid.
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Hire more than you need. You won't achieve 100% retention after five years

and there will be some poor choices made, too. If you end up with 50% good people

retained, you will have done a good job.

For a place to start, there is an appendix at the end of this report listing a

number of institutions with accredited curriculum leading to degrees in engineering

technology. This list is representative enough that any railroad wishing to explore

the possibility of recruiting technicians should be able to find a campus in

their area.

The competition for these graduates is intense and is well organized on most

campuses. You will probably have to adjust your recruiting to the policy of the

various campuses. Visit them and establish a plan before you start the actual

recruiting.

Railroads are entering upon a decade or more of resurgence through the use

of new technologies. Young people with knowledge, guts, and ambition are needed

to do the leg work of making these new ideas work. Your company in the '80's and

'90's will be only as good as the people you train now. We recommend to you

these institutions or any others offering degrees in technology that you have contact

with as excellent sources of your future supervisors and managers.

LIST OF INSTITUTIONS WITH ACCREDITED CURRICULA LEADING TO
DEGREES IN ENGINEERING TECHNOLOGY

ACADEMY OF AERONAUTICS
La Guardia Airport

Flushing, NY 11371

AKRON, UNIVERSITY OF
Community & Technical College

Akron, OH 44325

ALAMANCE, TECHNICAL
INSTITUTE OF
Burlington, NC 27215

ALFRED, STATE UNIVERSITY
Agricultural and Technical College at

Alfred, NY 14802

BLUEFIELD STATE COLLEGE
Bluefield, WV 24701

BLUE MOUNTAIN COMMUNITY
COLLEGE
Pendleton, OR 97801

BRADLEY UNIVERSITY
Peoria, IL 61606

BRIGHAM YOUNG UNIVERSITY
Provo, UT 84601

BRONX, COMMUNITY COLLEGE
Bronx, NY 10468

BROOME COMMUNITY COLLEGE
Binghamton, NY 13902

CALIFORNIA POLYTECHNIC
STATE UNIVERSITY
San Luis Obispo, CA 93401

CAPITOL INSTITUTE
OF TECHNOLOGY
Kensington, MD 20795

CENTRAL INSTITUTE
OF TECHNOLOGY
Kansas City, MO 64108

CHATTANOOGA STATE TECH-
NICAL INSTITUTE
Chattanooga, TN 37406

COGSWELL POLYTECHNICAL
COLLEGE
San Francisco, CA 94110

COLORADO ELECTRONIC TECH-
NICAL COLLEGE
Manitou Springs, CO 80829

DAYTON, UNIVERSITY OF
Engineering Technology Division

Dayton, OH 45469

DEL MAR COLLEGE
Corpus Christi, TX 74804

DeVRY INSTITUTE OF
TECHNOLOGY
Chicago, IL 60641

DeVRY INSTITUTE OF
TECHNOLOGY
Dallas, TX 75235
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DeVRY INSTITUTE OF
TECHNOLOGY
Phoenix, AZ 85016

EASTERN NEW MEXICO
UNIVERSITY
Technical Institute

Portales, NM 88130

EMBRY-RIDDLE AERONAUTICAL
UNIVERSITY
Daytona Beach, FL 3201.5

ERIE COMMUNITY COLLEGE-
NORTH CAMPUS
Buffalo, NY 14221

FARMINGDALE, STATE UNIVER-
SITY, AGRICULTURAL AND
TECHNICAL COLLEGE AT
Farmingdale, NY 11735

FAYETTEVILLE TECHNICAL
INSTITUTE
Fayetteville, NC 28303

FLORISSANT VALLEY COM-
MUNITY COLLEGE
St. Louis, MO 63135

FORSYTH TECHNICAL INSTITUTE
Winston-Salem, NC 27103

FRANKLIN INSTITUTE OF BOSTON
Boston, MA 02116

GASTON COLLEGE
Dallas, NC 28034

GROSSMONT COLLEGE
El Cajon, CA 92020

HARTFORD STATE TECHNI-
CAL COLLEGE
Hartford, CT 06106

HOLDING TECHNICAL INSTITUTE
Raleigh, NC 27603

HOUSTON, UNIVERSITY OF
College of Technology

Houston, TX 77004

HUDSON VALLEY COM-
MUNITY COLLEGE
Troy, NY 12180

INDIANA UNIVERSITY—PURDUE
UNIVERSITY AT INDIANAPOLIS
Indianapolis, IN 42605

INSTITUTE OF DRAFTING
AND TECHNOLOGY
Morrison, IL 61270

IOWA STATE UNIVERSITY
The Technical Institute

Ames, IA 50010

LAKE SUPERIOR STATE COLLEGE
Sault Ste. Marie, MI 49783

LOWELL TECHNOLOGICAL
INSTITUTE
Lowell, MA 01854

MEMPHIS, STATE TECHNICAL
INSTITUTE AT
Memphis, TN 38128

MEMPHIS STATE UNIVERSITY
Memphis, TN 38152

MICHIGAN TECHNOLOGICAL
UNIVERSITY
Houghton, MI 49931

MIDDLESEX COUNTY COLLEGE
Edison, NJ 08817

MIDLANDS TECHNICAL EDUCA-
TION CENTER
Columbia, SC 29205

MILWAUKEE SCHOOL OF
ENGINEERING
Milwaukee, WI 53201

MOHAWK VALLEY COMMU-
NITY COLLEGE
Utica, NY 13501

NEVADA, UNIVERSITY OF
College of Engineering

Reno, NV 89504

NEW HAMPSHIRE TECHNI-
CAL INSTITUTE
Concord, NH 03301

NEW MEXICO STATE UNIVERSITY
Las Cruces, NM 88001

NORTHEASTERN UNIVERSITY
LINCOLN COLLEGE
Boston, MA 02115

NORTHROP INSTITUTE
OF TECHNOLOGY
Inglewood, CA 90301

NORWALK STATE TECHNICAL
COLLEGE
Norwalk, CT 068.54
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OHIO COLLEGE OF APPLIED SCI-

ENCE OF THE UNIVERSITY
OF CINCINNATI
Cincinnati, OH 45210

OHIO INSTITUTE OF
TECHNOLOGY
Columbus, OH 43209

OKLAHOMA STATE UNIVERSITY
School of Technology of The College of

Engineering

Stillwater, OK 74074

OLD DOMINION UNIVERSITY
Norfolk, VA 23508

OREGON STATE UNIVERSITY
Corvallis, OR 97331

OREGON TECHNICAL INSTITUTE
Klamath Falls, OR 97601

PENNSYLVANIA STATE UNIVER-
SITY, THE
University Park, PA 16802

PHOENIX COLLEGE
Phoenix, AZ 85013

PURDUE UNIVERSITY
Hammond, IN 46323

(Calumet Campus only)

PURDUE UNIVERSITY
Fort Wayne, IN 46805

(Fort Wayne Campus only)

PURDUE UNIVERSITY
School of Technology

Lafayette, IN 47907

(Lafayette Campus only)

QUEENSBOROUGH COMMUNITY
COLLEGE OF THE CITY
UNIVERSITY OF NEW YORK
Bayside, NY 11364

RCA INSTITUTES
New York, NY 10001

RICKS COLLEGE
Rexburg, ID 83440

ROCHESTER STATE JUNIOR
COLLEGE
Rochester, MN 55901

ST. PETERSBURG JUNIOR
COLLEGE
St. Petersburg, FL 33710

SAN FRANCISCO,
CITY COLLEGE OF
San Francisco, CA 94112

SINCLAIR COMMUNITY COLLEGE
Dayton, OH 45402

SOUTHERN COLORADO
STATE COLLEGE
Pueblo, CO 81001

SOUTHERN TECHNICAL
INSTITUTE
Division of Georgia

Institute of Technology

Marietta, GA 30060

SPRING GARDEN COLLEGE
Chestnut Hill, PA 19118

STATE UNIVERSITY
AGRICULTURAL AND TECHNICAL
COLLEGE at

Canton, NY 13617

SUMTER AREA TECHNICAL
EDUCATION CENTER
Sumter, SC 29150

TEMPLE UNIVERSITY
College of Engineering Technology

Philadelphia, PA 19122

TEXAS AT ARLINGTON,
UNIVERSITY OF
Technical Institute Division

Arlington, TX 76010

THAMES VALLEY STATE
TECHNICAL COLLEGE
Norwich, CT 06360

VERMONT TECHNICAL COLLEGE
Randolph Center, VT 05061

WATERBURY STATE TECHNICAL
COLLEGE
Waterbury, CT 06708

WEBER STATE COLLEGE
Ogden, UT 84403

WENTWORTH INSTITUTE
Boston, MA 02115

YOUNGSTOWN STATE UNIVERSITY
Youngstown, OH 44503
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To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Electrification Economics.

Progress report, submitted as information page 642

2. Clearances.

Considerable progress has been made on the clearance diagram for

pantograph. The final diagram will be completed in the near future.

3. Voltage Standards.

No report.

4. Electrification Map.

No report.

5. Bibliography.

Selected items submitted as information page 652

6. Catenary State-Of-Art.

Progress report, submitted as information page 656

7. Signal and Communication.

No report.

8. Substations.

No report.
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9. Protection and Fault Detection.

No report.

10. Third Rail and Direct Current.

No report.

11. Wire and Cable.

No report.

12. General Applications.

No report.

13. Electrolysis and Cathodic Protection.

This is a new assignment and it is not expected that a report can be

submitted until 1975.

The Committee on Electrical Energy Utilization,

A. B. Costic, Chairman.

Report on Assignment 1

Electrification Economics

R. U. Cogswell (chairman, subcommittee), R. J. Berti, L. D. Tufts, B. A. Ross,

M. D. Meeker, K. B. Ullman, F. W. Waterman, N. P. Cain, M. J. Shearer.

Your committee submits the following report on Electrification Economics as

information and for comments. It summarizes the economic aspects of railway elec-

trification in 1973. A topic such as this can support a 500-page book, so the com-

mittee has summarized only what was felt to be the most important items in order

to reduce the report to a reasonable length.

Economics of Railway Electrification

The economics of railway electrification have undergone many dramatic changes

since the New Haven and the New York Central electrified their lines in New York

City in 1908; unfortunately many modern railroaders still tend to evaluate the

potential for railroad electrification using 1908 technology and conditions. The pur-

pose of this paper is to summarize the economics of electrification as they exist in

the mid 1970's; but first we should elaborate on several of the major changes of the

last 70 years.

Due to inherent limitations of traction motors, the early electrification projects

had to use either low-voltage direct current or low-frequency alternating current.

The direct-current method required very heavy catenary or a third rail with sub-

stations and their expensive rectifying equipment spaced only two to five miles

apart. The use of low-frequency high-voltage alternating current increased substa-

tion spacing to 12 to 15 miles, but it required special frequency converters and

specially built transformers. The performance of alternating-current motors was not

as good as that produced by the direct-current motor.
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The early projects were confronted with few large power systems capable of

handling the large single-phase loads produced by railroads. This usually meant that

expensive power plants and transmission lines had to be built by the railroad as

part of the electrification project. A few railroads still face these problems over

part of their routes. During the last 30 years the commercial power grid in the

United States has spread heavy-duty transmission lines over vast areas while the

total generating capacity has grown to the point where large single-phase loads can

easily be handled in most areas.

The mid 1950's brought a major breakthrough when lightweight rectifiers

capable of withstanding long periods of railway use were developed. This permitted

using the efficient high-voltage alternating current on the catenary and the high-

performance direct-current traction motor. The thyristor, or silicon-controlled rec-

tifier, permitting notchless power control and greatly simplifying wheel slip cir-

cuits, was introduced in the mid 1960's. Maintenance was dramatically reduced by

removing variable tap transformers, heavy power contactors, iron grid resistors and

other items previously required by electric locomotives.

Trying to determine if a particular section of a railroad can be economically

electrified is an exercise in solving a giant simultaneous equation with about 30 vari-

ables. For American railroads, many of these variables are uncertain due to the

lack of modern electric operating experience on our railroads. In the following para-

graphs, we will try to outline most of the sensitive parameters being used in making

electrification studies and what conditions cause their values to change. It should

be understood that the costs cited represent the nominal extremes uncovered by

those railroads who have made thorough electrification studies. In any case, all

these variables must be combined into one equation before a judgement is made on

the economic viability of electrification.

All studies must start with the basic operation of the railroad being fully under-

stood and any operational changes specified in advance. In most instances, only

through main-line trains would be electrically powered; locals and yard switchers

would continue using diesels. Initially, any electrified railroad must be able to be

operated as a separate system. Wire should thus start and end only at major exist-

ing terminals. No chief executive officer is going to authorize electrification from

Boondock Junction to Backwoods Siding, which involves power changes many miles

from the nearest maintenance terminal. Electrification must be handled as a com-

plete system, not piecemeal as was possible when changing from steam to diesel.

Traffic Requirements for Electrification

General Requirements:

Under our present economic system the amount of traffic over a line will gen-

erally determine if electrification is an economical alternative to diesel operation.

Total gross tons moved over a line can be used initially to determine if tiiat

route is a likely candidate for electrification. As a general "rule of thumb," if the

terrain is flat, track straight, few obstructions, and a dense commercial power grid

exists, electric operation may be more economical than diesel at a level of 15 to

20 million gross tons per year. If the terrain is mountainous, track curvey, many

obstructions, and no commercial power grid exists, electric operation may not

become economical until the 30- to 35-million ton mark is reached. The minimum

tonnage required will be influenced also by the required rate of return. Under iden-

tical conditions, a low-speed drag operation tends to increase the tonnage required,
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while a high-speed manifest operation tends to reduce the tonnage required to make
electrification economical. Electrification produces greater benefits in operations

where power consumption is high and speed is directly proportional to the power

consumed.

After the route(s) to be studied have been identified from the traffic and

operating viewpoints, a quick check with rough figures can be made to see if a

detailed study is justified. In the following study topics we have given the average

range of values which can be used for rough calculations. It must be emphasized

that in detailed studies, each railroad will probably arrive at different and unique

values.

Traffic Projections:

The short- and long-term rate of change in traffic tonnage has a very large

effect on the economics of diesel vs. electric operation. Highly optimistic growth

rates, when compounded for 30 years, can mean that additional main-line tracks

will be required and may produce skepticism of the whole study at executive levels.

A negative growth rate should cause reconsideration of the whole study. Values

between 2 and 5 percent annual growth are frequently used.

While studying the traffic projections, a determination should be made if a

change in traffic will force a change in the railroad's operation. Long, heavy, infre-

quent trains adversely affect the cost of electricity, substations and catenary design.

Short, light, frequent trains reduce the cost of power, substations, and catenary, but

may increase the number of locomotives and crews required.

Capital Money Requirements for Electrification

Much has been said about the high capital investment required to electrify a

main-line railroad and many erroneous concepts have resulted. In the following

we have tried to identify and quantify the major capital costs every railroad will

face when electrifying. Undoubtedly most railroads will have unique situations not

covered here which may add to the total cost.

Catenary Cost:

The cost of constructing catenary varies widely from one geographical location

to another and among the different styles of construction. On tangent track with

favorable ground conditions and lightweight construction, the cost can be as low

as $40,000 per track mile. On curving mountainous track with rock and accessibility

problems, heavy-duty catenary can cost $100,000 per track mile. Trolley wire, with-

out a catenary messenger, can be used in yards and on tracks where the speed of

multiple-unit consists will not exceed 25 to 30 mph. Sharp curves tend to increase

construction costs, because the distance between catenary supports must be reduced

from a nominal 230 to 250 ft on tangent track to about 100 ft on sharp curves.

Rock, swamps, or other adverse ground conditions will make the support foundations

more expensive to construct. In urban areas it may be necessary to take some special

measures to minimize electrical inductive interference generated by the catenary

and thyristor equipped locomotives. Track inaccessibility will cause construction

costs to increase, as much time and money will be spent transporting crews and

equipment to and from the work site with no productive work being accomplished.

Low Clearance Situations:

Every railroad will have locations which will require modification to install a

live catenary wire. The cost of these modifications may be a governing factor in
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choosing the catenary voltage. Since each situation is unique, no attempt will be

made to give even approximate costs; however, it should be remembered that short

sections of dead catenary are operationally acceptable and can sometimes save

millions in modification costs.

Substations:

Commercial power transmission lines generally employ voltages between 115 kv

and 345 kv. These high voltages are reduced to 25 kv or 50 kv for catenary use in

substations spaced along the tracks. Exact locating and sizing of the substations

require detailed knowledge of catenary impedance, normal electrical loads, short-

time overloads and emergency conditions expected for a specific area. Substation

spacings for a 50-kv catenary system range from 40 miles in flat country down to

20 miles in the mountains. Capacities generally start at 10 MVA and go up

to 40 MVA for a double-track mountain fine. Cost varies from $300,000 to

$800,000 each.

Most systems are designed so that if a substation fails, the two adjacent ones

will take over the territory served by the malfunctioning substation. The terminals

where electrification ends pose a special problem, as there is only one adjacent

substation and it usually cannot take over the full load of the terminal substation.

Therefore, a terminal substation should have two transformers served from two dif-

ferent and independent transmission lines, so that complete failure becomes a very

remote possibility. Any large electrification scheme should include a spare mobile

substation which can replace any substation on the system in an emergency. It is

desirable to locate the spare so that it can serve in a working capacity when not

on an emergency assignment.

Transmission Lines:

Most railroads will find one or more substation locations where no commercial

power is available. High-voltage transmission lines must then be built from the

nearest power supply to the substations. The cost can vary from $40,000 a mile

for a single-phase 138-kv line to $200,000 per mile for a double circuit of 3-phase

345-kv line. The big 345-kv lines would be needed where several hundred miles

must be covered, while a single-phase 138-kv line would be used as a short exten-

sion to existing transmission lines. Who owns and maintains these transmission lines

are points that can be negotiated with the supplying utility and may vary from one

location to another.

Signal System Modifications:

Most existing direct-current track signal circuits will have to be changed to a

system compatible with the alternating current power system. Some cab signal sys-

tems will require virtually no changes for electrification. We must remember that

electrification can be charged only with those modifications required for compatibil-

ity; any upgrade of the signals, such as installing cab signals, should be separated

and made to stand on its own merits. Open trackside signal wires must be shielded

from the inductive effects of the catenary; this is usually accomplished by installing

shielded cable. The cable can be strung on existing poles in rocky terrain, but bury-

ing is preferred as it provides better shielding and reduces maintenance. Total signal

conversion costs range from $5,000 to $20,000 per track mile depending on the

types of equipment used in the existing system.



646 Bulletin 646—American Railway Engineering Association

Communications System Changes:

Open-wire communications circuits must be replaced with either shielded cable

or microwave circuits. Microwave is frequently used for the long-distance circuits

with shielded cable employed for the local circuits radiating from the microwave

system. Money generated from the scrap copper wire can frequently exceed one-

third of the conversion cost. The cost of communications changes can vary from

$1,000 per route mile where microwave exists to $5,000 per route mile where micro-

wave or shielded cable must be installed.

Supervisory Control:

Most railroads want some type of centralized supervisory control over the opera-

tion of the substations and catenary system. This requires telemetry circuits from

each substation and catenary phase breakpoint back to a central control console.

This cost is about $10,000 per route mile for a complete remote control system.

Since many utilities have devised ways of operating their systems without a super-

visory control system, the need for this type of control is being seriously questioned.

Electric Locomotives:

The fleet of electric locomotives will account for 25 to 35 percent of the total

electrification capital cost. Presently there are no standard models of electric loco-

motives, as there are with diesels. Any size can be built, from a 1,000-hp switcher

to a 10,000-hp freight locomotive for mountain use. As a rule of thumb, an electric

locomotive will presently cost about $90 per horsepower. The useful life of an elec-

tric locomotive is generally accepted to be from 30 to 40 years, while its availability

averages 95%.

The electric, with its advanced wheel slip control system and short time over-

load capability, far outperforms the best diesels available. With traction motors

individually controlled, trucks interconnected, and no weight loss due to fuel con-

sumption, average effective adhesion levels of over 32% have been demonstrated in

Europe. Weight per horsepower is about half of that encountered with diesels.

Power output is not dependent upon altitude as is the case with diesels.

Since in most cases the electric locomotive will be replacing an existing pool

of diesels, the question of disposing of the diesels and properly crediting electrifica-

tion with their value must be given careful consideration. The surplus diesels may
be used on another part of the railroad, sold to another railroad, leased to another

railroad or scrapped. Each option has different credit value.

Maintenance Facilities:

Electric locomotives require much smaller shops for maintenance than diesels.

Most diesel facilities can easily accommodate electrics, and some facilities will no
longer be needed. If SEARCH is presently being used on diesels, it can be used
with much greater effectiveness on electric locomotives. Thus, in most cases no
money should be required for new maintenance shops and if a shop is to be replaced,

it can be done much more cheaply with electrics than if diesels are used.

Diesel Electric Locomotives:

Since we are all familiar with the cost and characteristics of diesels, only a

few important points will be mentioned. The hourly availability of diesels should
reflect fuel and service time for an accurate comparison to electrics; 85% is frequently
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used, even though many railroads are finding their high horsepower units have a
lower availability than the fleet average. Economic life of a main-line diesel is gen-
erally put at 12 to 15 years; after which it must be replaced or rebuilt. Power is

limited to what the diesel engine can produce, and this usually decreases as altitude

increases.

Differences Between Diesel and Electric Operating Costs

Having covered the major capital investments which are usually required for

railroad electrification, we will turn our attention to the operating expenses. Know-
ing that the initial capital investment is greater for electrification than for diesel

operation, a sizable long-term operating advantage must be shown for electric opera-
tion, or the study will conclude that the route under consideration is best operated
by diesels. The following paragraphs will outline the major differences in operating
costs to be included in the economic study.

Diesel Fuel:

The cost of diesel fuel as delivered to the locomotive has taken a sizable jump
in the last few years from the previous stable price of 10 cents per gallon to about
20 cents a gallon. Recent perfecting of techniques allowing gasoline to be eco-

nomically made from diesel fuel can only cause a strong upward pressure on diesel

fuel cost. Our growing dependence on foreign oil supplies and their rapid cost esca-

lations are expected to cause additional cost increases for diesel fuel. Many estimates

of a 5 to 7 percent annual cost inflation have recently been made. The recent ration-

ing of fuel poses another question; what price do you assign to something which does
not exist?

Electric Energy:

The electric bill is usually made up of four distinct parts: demand charge,

energy charge, fuel additive, and special facilities cost. The demand charge is fre-

quently based on the highest 15- or 30-minute kilowatt load seen by the utility at

the substation. If one utility company serves two or more substations, unitized bill-

ing will be very beneficial to the railroad. Unitizing means that the power demand
of each substation is consolidated for billing purposes. Since the peak demand at

each substation rarely coincides timewise, the railroad will pay less than they would

if each substation were billed separately. Different daytime and nighttime demand
rates are given by some utilities. Occasionally, the demand charge includes some

energy. The energy and fuel additive cost is usually based on the total kilowatt hours

used in a month. If the utility owns the substation and/or a transmission line, a

special monthly rent can be charged. The total bill, when put on a kilowatt-hour

basis, will run between 1.0 and 3.0 cents per kwhr. The various utility companies

must be consulted early in any electrification study to obtain cost data, the avail-

ability of energy, and to insure that they can handle the large single-phase load.

Since the demand charge accounts for 50 to 70 percent of the total electric bill,

some form of demand control is very desirable to keep the cost down. Electric-

energy cost inflation figures are difficult to obtain, but 1 to 3 percent annual infla-

tion has been suggested by some utilities.

Diesel Locomotive Maintenance:

Special care should be taken to insure that all costs associated with maintain-

ing and servicing diesels are compiled. Special maintenance accounts, heavy repairs
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and fringe benefits are frequently omitted in manufacturers cost figures, but must

be included when comparing different types of motive power.

The source most frequently used to derive maintenance costs is the Form A
submitted to the ICC each year. These figures, in conjunction with any different

internal company accounting system, can be used to arrive at the fully allocated

cost of maintaining diesels. In addition to Account 311, portions of Accounts 301,

302, 304, 332, 335, 388, and 400 should be included. A percentage of the unem-

ployment insurance, old age retirement, hospital insurance and any supplemental

annuities should also be included. This should give an acceptable total fleet main-

tenance cost, which must then be broken down on either a diesel unit basis, a

gross-ton-mile basis or a cost per gallon of fuel basis.

Computing maintenance cost on a unit basis is usually the least accurate, unless

detailed records are kept on each unit and diesels are captive in a certain type of

service. Since most railroads operate on a diesel pool basis, it is virtually impossible

to assign a cost to a specific type of service. We must remember that electrics would

be in captive service and that a valid comparison with diesels must reflect this fact.

The most accurate relationship would be to compare the maintenance cost to

the fuel consumed by each unit. Detailed records of this type are not normally kept

by large railroads, hence we must usually compromise. The compromise most fre-

quently used is to compute maintenance costs on a gross-ton-mile basis. This infor-

mation is usually available and to a certain degree reflects the amount of energy used.

As a rule of thumb, drag service will produce a lower maintenance cost per

gross ton mile than high-speed manifest service. These cost figures usually range

from 35 to 70 cents per 1,000 gross ton miles. Since labor accounts for about 60%

of this cost, maintenance cost inflation is usually placed at 5 to 7 percent per year.

If new diesels are presently used on the lines under study, care should be taken to

arrive at the average maintenance cost when they are 5 to 8 years old or gross errors

will result. Studies by some major railroads have shown that 60 to 70 percent of the

total diesel maintenance cost is solely related to the diesel engine, main generator,

lube oil system, cooling water system, and fuel system.

If a significant reduction in total units is anticipated with electrification, it is

advantageous to isolate costs that are related only to fleet size, such as Federal

inspections. These costs can then be treated more accurately independent from the

total maintenance cost. Likewise, the total reduction in diesel parts inventory should

be taken into consideration, either separately or as part of the maintenance cost.

Electric Locomotive Maintenance:

Actual maintenance costs for main-line thyristor-controlled electric locomotives

are non-existent in North America today. Studies by many railroads and the U. S.

Department of Transportation indicate that an electric locomotive can be maintained

for about 40% of a high-horsepower diesel. Any reduction in fleet size must be

applied to the 40% figure to arrive at a cost per gross ton mile; thus, if one electric

were to replace two diesels the cost per gross ton mile would be about 20% of what

it now costs with diesels. Since this ratio is unique to each railroad, no attempt will

be made to assign a maintenance cost per gross ton mile for electric locomotives.

The inflation rate for electric locomotive maintenance will be about the same as that

for diesels, 5 to 7 percent annually.
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Catenary Maintenance:

The cost of maintaining a catenary system is frequently exaggerated by
opponents of electrification. A modern constant-tension simple catenary system, when
used with a well designed pantograph employing carbon wear strips, will produce

a contact wire life of 50 to 100 years. In the early years of electrification, catenary

maintenance is generally confined to inspections, adjustments and replacement after

wrecks or natural disasters. Curving inaccessible mountain catenary and complex
wire in yards is far more costly to maintain than straight open wire that is readily

accessible. Costs of between $700 and $1,500 per track mile per year are com-
monly used.

Substation and Transmission Line Maintenance:

The substation equipment, including die remote control apparatus, must be

checked periodically to assess operational reliability. Actual maintenance is infre-

quent and usually confined to replacing pitted circuit breaker contacts, testing trans-

former oil, examining bushings and general housekeeping. Annual cost per substation

is about 2 to 3 percent of initial cost. Under most circumstances, transmission lines

would be built and maintained by the power companies with the power rate or

special lease reflecting the cost of maintenance. However, if the railroad desired to

own the transmission line, annual maintenance costs of about 2 to 4 percent of its

installation should be assumed.

Signal 6- Communications Maintenance:

Replacing open-line wire with either shielded cable or microwave will reduce

maintenance in at least three ways: reduced vandalism, reduced storm damage, and

reduced damage in derailments. Savings can vary from $2,000 to $5,000 per route

mile for a mountainous line with many communications circuits down to almost

nodiing for a line already using microwave and cabled signal circuits. As with the

capital cost of converting signals and communications, their maintenance costs will

be unique with each railroad.

Income Taxes:

The large capital investment associated with electrification will have a tre-

mendous impact on the income tax statement; this should be thoroughly investigated

by an expert tax accountant. If the large depreciation reserves and investment tax

credits cannot be utilized by the railroad, an attempt should be made to have a

third party own and lease as much of the electrification equipment as possible. The

third party can then take the tax credits and pass them on to die railroad in the

form of lower lease rates.

Property Taxes:

Railroad property taxes are usually assessed on the total value of the railroad.

Electrification will significantly increase the railroad's assets and thus cause an

increase in the total property tax paid.

Intangible Savings:

Electrification has many advantages for which it is very difficult to attach a

concrete dollar savings figure. Locomotive failures on the road are one-fourth of that

encountered with diesels. The pollution control agencies have indicated that they

will require mufflers and exhaust control devices on diesel locomotives; electrics will
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not need them. Fuel spills and disposal of old engine lube oil or treated radiator

water will no longer be a problem. Since engineers' wages are based in part on the

total locomotive consists weight, the lower weight per horsepower of an electric

should result in lower crew costs. Relatively cheap electric power from the catenary

can be used for signals, power switches, switch heaters, lights, etc., rather than

having each consumption point individually metered and billed. The monetary sav-

ings to the mechanical department frequently understates the total savings realized

by the drastic reduction in service and inspection requirements of electrics. Better

schedule performance is frequently the result of the overload capacity of electrics.

The railroad is no longer limited to one type of fuel to provide energy for operations.

Improved wheel slip control means less sand to foul ballast.

Negative Aspects of Electrification:

Poor utilization of both diesels and electrics can result if the electrified system

is not carefully planned and operations of the total railroad fully considered. The

reliability of high-voltage transmission systems is very good, but when a power

outage does occur it can mean that operations must be reduced or in the extreme

case ceased until power is restored. Since high voltages are dangerous, all employees

must be thoroughly trained in proper safety measures. The overhead power system

poses additional problems in clearing wrecks, but experience has shown that the

wire is usually fixed before the track is returned to service.

Electrification Financing:

The exact financial condition and desires of individual railroad finance officers

will dictate what type of financing is desirable. The options and benefits are many
and varied. It is beyond the scope of this paper to cover the types and advantages

of financing.

On the preceding pages, we have outlined 24 major areas that must be inves-

tigated in making an economic study of railway electrification.

For most areas, we have attempted to give the maximum and minimum values

presently being used; some things are so unique to each situation that no values

are given. The following table lists the maximum, minimum and average parameters

used in a selected group of major North American electrification studies.

In summary, we can say that as the diesel becomes more and more expensive

to operate, the economics of electrification may force a power change on some

high-density main lines. This change will be no less dramatic or difficult than the

change from steam to diesel was 30 years ago.
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Summary of Costs Used In Recent North American Electrification Studies

Description Minimum Maximum Average

Mil Rate (mils per KWH) 7.43 13.6 11.2

Fuel Price (

e

1

per gal. ) 11.13 17.8 13.8

Lube Oil (in % of fuel) 5.7 8.08 6.6

Maintenance—Diesel Loco. (cVMGTM). 18.1 56.3 36.4

Electric Loco. (cVMGTM) 8.71 14.5 11.0

Catenary Maintenance
($/Track Mile Annual) 590 1310 971

Catenary Principal ($/Track Mile) 49500 78000 51875
Substation Principal ( $/Track Mile ) . . . 4000 10000 7000
Signal Change ($/Track Mile) 12336 26400 19980

Comm. Change ($/Track Mile) inc. above inc. above inc. above

Track Miles Electrified 347 2556 1272

Transmission Line ($/Mile) 54500 68000 61250

KWH MGTM 17.5 36.8 25.65

Gal/MGTM 1.21 2.88 1.86

Xo. Elec. Locos/Million MGTM 1.94 4.22 3.6

No. Diesel Locos/Million MGTM 2.80 9.90 6.8

Growth Rate (Annual Percent) 1.8 10 4.8

Interest Rate (Percent) 7 10 8.2

Inflation Rate (Annual Percent) 3 6 4.5

Electric Energy Inflation Rate 2 1

Diesel Fuel Inflation Rate 3 5 3.7
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Report on Assignment 5

Bibliography

R. J. Berti (chairman, subcommittee), F. W. Waterman, K. B. Ullman.

Your committee submits the following bibliography as information. While it is

recognized that there may be additional references regarding the various aspects

of electrification, the items listed are those easily available.

Because of the activity and the written material expected to develop, we recom-

mend that this committee submit an annual review of this subject.

SELECTED BIBLIOGRAPHY OF PUBLICATIONS ON RAILWAY
ELECTRIFICATION, 1950-1973

A. Railway Electrification General

1. Jane's World Railways. 1972-73. McGraw-Hill Book Co., New York. 686 pages.

2. Report to the Supervisory Committee Joint Committee on Railroad Electrification

on the Possibilities of Expansion of Railroad Electrification in the United States.

Battelle Memorial Institute, March 1951, 260 pages.

3. Railway Electrification, Diesel-Electric Locomotives, and Some Future Aspects

of Electric Traction. G. Huldschiner. AIEE Trans. Vol. 71, pp. 48-50.

4. Electrification of Holland's Railway System. A. H. Candee. AIEE Trans. Vol.

71, pp. 235-244, Paper No. 52-172.

5. An Interurban Becomes a Railroad. C. H. Jones. AIEE Trans. Vol. 72, pp. 99-

105. Paper No. 53-33.

6. The Potentialities of Railway Electrification at the Standard Frequency. E. L.

Wheatcroft, et al. IEE Vol. 103, Part A, No. 10, August 1956. 22 pages.

7. The Case for a Standard System of Railroad Electrification for the American

Railroads. T. F. Perkinson. AIEE Trans. Vol. 76, pp. 101-105, Paper No. 57-16.

8. Progress in European Electrification. E. H. Brown, et al. AIEE CP57-247.

9. Proceedings British Railways Electrification Conference for Railway Electrifica-

tion at Industrial Frequency. British Transport Commission. London, 1960.

496 pages.

10. French Technical Advances in the Field of Railroad Electrification. F. F.

Nouvion. AIEE Trans. Vol. 78, pp. 241-248. Paper No. 60-602.

11. General Principles of the Experimental Equipment Developed by the French

National Railroads for Remote Controlled Operations. J. C. Blumstein. AIEE
Trans. Vol. 80, pp. 216-220. Paper No. 61-878.

12. Electrification—Devil or Angel? L. B. Curtis. AIEE CP62-2, 22 pages.

13. Winter Aspects of Electric Railroad Operation. P. H. Hatch, R. P. Turnbull.

AIEE CP62-258.

14. Railway Electrification: A Condensation of AAR and AREA Reports on this

Subject over the Past Seven Years. AREA Bulletin No. 583, pp. 474-480. Jan.

1964.

15. Prototype Railroad Electrification Study. Prepared by Gibbs & Hill for General

Electric Company. Oct. 1966, 65 pages.

16. A Survey of Western European A-C Electrified Railway Supply Substation and

Catenary System Techniques and Standards. B. A. Ross. IEEE CP68-203, March

1968. 10 pages.
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17. Fifteen Years of Electric Traction with Single-Phase Current of Industrial Fre-

quency. F. F. Nouvion, M. Garreau. French Railway Technique No. 3, pp. 97-

115, 1967.

18. Railroad Electrification: Past, Present and Future. G. D. Friedlander, IEEE
Spectrum, July, August and September 1968. 56 pages.

19. Railway Electrification Prospects. S. R. Warder. Railway Gazette, October 4,

1968, 2 pages.

20. Conference on Performance of Electrified Railways. IEEE Conference Publica-

tion Xo. 50. London, Oct. 1968, 571 pages.

21. The Future of Railroad Electrification in the United States. P. V. Garin, W. R.

O'Neill, G. R. Adams. Award-winning paper presented at Pan American Railway

Congress. Ruenos Aires, Argentine Republic, Nov. 1968, 72 pages.

22. Railroad Electrification, a Report to the Railroad Electrification Committee of

the Edison Electric Institute. 3 vols. June 1970, 116 pages.

23. 50 KV Through the Rockies. Railway Gazette, Oct. 1971, 4 pages.

24. Electric or Diesel Traction—The Right Rasis for Comparison. F. F. Nouvion,

Railway Gazette, Vol. 127, No. 10, Oct. 1971, 4 pages.

25. System Design for 50 Hz A-C Electrification. E. Claxton, et al. Proc. IEE
Vol. 119, No. 2, Feb. 1972, 9 pages.

26. Planning for Railway Electrification. C. J. Clemow. Proc. IEE Vol. 119, No. 4,

April 1972, 10 pages.

27. Cost Effectiveness Review of Railroad Electrification. Pan-Technology Consult-

ing Corporation for Federal Railroad Administration Office of HSGT. April

1973, 135 pages.

B. Railway Electrification Economics

1. Economic Factors Which Influence Dieselization and Electrification. C. Kerr,

Jr., AIEE Trans. Vol. 70, pp. 1224-1228, Paper 51-220.

2. Economic Evaluation of Fuel and Energy Sources for Railway Motive Power.

T.M.C. Martin, AIEE Trans. Vol. 70, pp. 1229-1233, Paper 51-221.

3. Railway Electrification—A Prospective Consumer of Central Station Power.

L. Evans, AIEE51-222.

4. A Reappraisal of the Economics of Railway Electrification: How, When and

Where Can It Compete with the Diesel-Electric Locomotives? H. F. Rrown,

R. L. Kimball, AIEE Trans. Vol. 73, pp. 35-51. Paper No. 54-29.

5. The Financial Return on Railway Electrification—An Approximate Method for

its Determination. H. F. Brown, H. E. Marmaros. AIEE58-32, 4 pages.

6. Methods of Improving Utilization of Motive Power. G. T. Bevan, AIEE58-501.

7. Economic Trends Make Railroad Electrification Inevitable. L. R. Curtis. AIEE

Trans. Vol. 79, pp. 365-373. Paper No. 60-23.

8. Locomotive Repair Costs and Their Economic Meaning to the Railways of the

United States. H. F. Rrown, AIEE Trans. Vol. 80, pp. 209-216. Paper No.

60-599.

9. The Economic Justification of Railway Electrification in the United States.

H. C. Cross. AIEE Trans. Vol. 80, pp. 232-238. Paper No. 61-208.

10. Economic Comparison of Diesel Versus Electric Motive Power on Railroads.

A. Sachs (Doctoral Dissertation) University of Pittsburgh 1962, 172 pages.

11. Motive Power Economics in the United States. E. P. Foley, Railway Gazette,

Sept. 5, 1969, 2 pages.
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12. The Economy, Energy and the Environment. A background study prepared for

the use of the Joint Economic Committee, Congress of the United States, by

the Environmental Policy Division, Legislative Reference Service Library of

Congress. U. S. Government Printing Office. Sept. 1970, 131 pages.

C. Railway Electrification Power Supply

1. Railway Power Contracts. T. M. C. Martin. AIEE Trans. Vol. 71, pp. 24-26,

Paper No. 52-18.

2. Distributing Large Single-Phase Loads in Limited Capacity Three-Phase Power

Systems. G. F. Aroyan, K. G. Lakey. AIEE56-625.

3. Power Supply for Commercial Frequency Railroad Electrification. J. C. Price.

AIEE Trans. Vol. 75, pp. 432^45. Paper No. 56-977.

4. Economic Evaluation of Industrial Power System Reliability. W. H. Dickinson.

AIEE Trans. Vol. 76, pp. 264-272. Paper No. 57-639.

5. Technical Aspects of Providing Service to Single-Phase 60-Cycle Railroad Loads.

T. J. Nagel, A. F. Gabrielle. AIEE57-1096.

6. Power Factor of Rectifiers. A. Schmidt, Jr. AIEE58-220.

7. Loading of Transportation Rectifier Substations. L. DeKoranyi. AIEE 60-223.

8. Contact Wire Wear. K. H. Gordon. AIEE Trans. Vol. 80, pp. 220-224, Paper

No. 61-190.

9. Tests at Very High Speed with A-C 25 KV 50 c/s Contact Line. P. Boissonnade,

R. Dupont. French Railway Technique, No. 4, Oct.-Dec. 1962.

10. Track and Trolley Impedances for Electrified Railroads. J. B. Driver, Illinois

Institute of Technology, Jan. 1963, 182 pages.

11. Railway Overhead Systems—An Experimental Study of the Overhead Contact

System for Electrical Traction at 25 KV. R. G. Prince, D. Twine, Proc. of the

Institute of Mech. Engrs., Vol. 179, Part 1, No. 25, 1964-65, pp. 765-781.

12. Effect of Design Changes in Railway Catenary-Pantograph Systems on Power

Collection at High Speed. R. T. Gray, et al. ASME-IEEE 1968 R.R. Conference,

Paper No. RR-1, 10 pages.

13. Railway Overhead Contact Systems, Catenary-Pantograph Dynamics for Power

Collection at High Speeds. S. Levy, et al. ASME-IEEE 1968 R.R. Conference.

Paper No. RR-2, 8 pages.

14. Catenary Systems for High Voltage A-C Railroad Electrification. A. D. Suddards,

et al. ASME70-RR-6, April 1970, 12 pages.

15. Meeting Tomorrow's Railroad Power Requirements. B. A. Ross, Am. Elec. Pwr.

Corp., New York, July 1970, 9 pages.

16. Development of Overhead Equipment for British Railways 50 Hz A-C Elec-

trification Since 1960. A. G. Goldring, A. D. Suddard, Proc. IEE Vol. 118, No.

8, Aug. 1971, 13 pages.

17. Development of Power Supply and Supervisory Equipment for British Railways

50 Hz A-C Electrification. A. H. Cole, et al. Proc. IEE Vol. 119, No. 2, Feb.

1972, 11 pages.

18. Fuels for the Electric Utility Industry 1971-1985. A report of National Eco-

nomic Research Associates, Inc. to the Edison Electric Institute. EEI Publ. No.

72-27. August 1972, 173 pages.

19. U. S. Energy Outlook. A report of the National Petroleum Council's Committee

on U. S. Energy Outlook. Dec. 1972, 381 pages.
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20. Computer Evaluation of Overhead Equipment for Electric Railroad Traction.

P. R. Scott, M. Rotham. ASME-IEEE 1973 R.R. Conference. C73-927-1-1A,
8 pages.

D. Railway Electrification Motive Power

1. Rectifier Type Motive Power for Railroad Electrification. L. J. Hibbard, et al.

AIEE50-81.

2. Power, Pull and Performance of Electric Locomotives. A. H. Candee. AIEE50-
180.

3. A New Electric Locomotive for the Pennsylvania Railroad. F. D. Cowans, et al.

AIEE Trans. Vol. 71, pp. 27-37. Paper No. 52-23.

4. The Pennsylvania Railroad Ignitron Rectifier Locomotive. C. C. Whittaker, W.
M. Hutchison. AIEE Trans. Vol. 71, pp. 37-47, Paper No. 52-24.

5. Increased Losses in a D-C Motor When Operated From Grid Controlled Rec-

tifiers. AIEE Trans. Vol. 71, pp. 77-82. Paper No. 52-74.

6. Some Application Phases of the Ignition Rectifier Locomotives on the Penn-
sylvania Railroad. F. D. Brown, AIEE Trans. Vol. 73, pp. 128-135, Paper No.
54-116.

7. A World Wide Standard Traction Motor for Diesel-Electric Locomotives. M. J.

Baldwin. AIEE Trans. Vol. 73, pp. 144-147, Paper No. 54-189.

8. Considerations in Applying D-C Traction Motors on Rectified Single-Phase

Power. M. Simon. AIEE Trans. Vol. 74, pp. 176-179. Paper No. 55-203.

9. Rectifier Locomotives for the New York, New Haven and Hartford Railroad

F. D. Gowens. AIEE Trans. Vol. 74, pp. 183-189. Paper No. 55-206.

10. Considerations in the Development of a High-Power Rectifier Locomotive. H. S.

Ogden. AIEE Trans. Vol. 74, pp. 169-176. Paper No. 55-208.

11. Graphic Aids for Calculating Rectifier Locomotive Performance. R. D. Charlton.

AIEE Trans. Vol. 74, pp. 189-194. Paper No. 55-209.

12. A Full Range Two-in-One (Diesel-Electric, Third Rail) Locomotive. B. H.

Hefner. AIEE 59-245.

13. Multiple Unit Operation of Diesel and Electric Locomotives on the Milwaukee

Road. L. Wylie. AIEE Trans. Vol. 78, pp. 316-320. Paper No. 59-492.

14. The Pennsylvania Railroad Class GG-1 Electric Locomotives. J. W. Horine,

H. S. Ogden. AIEE Trans. Vol. 79, pp. 107-114. Paper No. 60-48.

15. Electric Locomotive Maintenance Cost Equation. J. W. Horine. AIEE Trans.

Vol. 78, pp. 233-236. Paper No. 60-600.

16. New Design of Current Collection Pantograph. A. Scheidecker. AIEE CP62-
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17. Silicon Rectifier Cells for Power Rectification on Railway Vehicles. E. F. Weiser,

H. S. Ogden. AIEE Trans. Vol. 81, pp. 297-305, Paper No. 62-537.

18. Application of Silicon Rectifiers on Electric Locomotives in the United States.

J. C. Brown, J. W. Horine. AIEE Trans. Vol. 82, pp. 131-135, Paper No. 63-
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19. Silicon Rectifier Locomotive Developments in Europe. Y. Machefert-Tassin.

IEEE 63-182.

20. Application of the Faiveley-General Electric Type AM Pantograph to Penn-

sylvania Railroad Electric Locomotives. E. H. Beatty, P. H. Baker. IEEE

CP63-188, Jan. 1963.

21. The Design of High Output Electric Locomotives for the U. S. Railroads.

M. W. T. Rees. ASME-IEEE 1970 Joint R.R. Conference, April 1970, 31 pages
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22. Advantages of Thyrister Locomotives and Experience in Sweden. T. Nordin,
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July 1971, 38 pages.

23. Thyrister Locomotives Today and Tomorrow. ASEA Pamphlet TB22-103E,

March 1972, 26 pages.

24. Testing of High Performance Electric Locomotives. G. T. Fisher, IEEE CP72-

941-8-IA, March 1972, 6 pages.

25. Adhesion Tests with a Thyrister Locomotive. A. Magnusson, IEEE CP72-943-
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1. 95 Hz Phase Selective Track Circuit System as applied to the New York, New
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2. Rectifier Motive Power—Inductive Co-ordination Considerations. K. H. Gordon,
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5. Electrification—Its Effects on Signalling and Communications. C. E. Staples.
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6. Modernization of Trackside Communications. G. T. Fisher. AAR C&S Section
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Report on Assignment 6

Catenary State-of-Art

T. Bamford (chairman, subcommittee), D. Twine, F. W. Waterman.

Your committee submits the following report on die Catenary State-of-Art as

information. This report summarizes in some detail the various considerations involved

in design and construction of catenary.

1. Abstract

This paper describes the design principles and construction of modern catenary

systems. The way in which modem developments have influenced the evolution of

these systems is discussed. The interrelation between the catenary and the other

subsystems of the complete electrical distribution system is touched upon but not

discussed at length.

A bibliography is included for illustration and elaboration of particular points

of catenary design.
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2. Modern Trends

The first use of high-voltage single-phase commercial-frequency electrical power
for the energization of catenaries occurred in the 1950's. It initiated in turn many
refinements in the design of overhead electrification systems. The adoption of modern
design methods and techniques has been paralleled by fundamental research into the

phenomena of power collection, much of it directed towards operation at high speed.

From this effort arose a better understanding of current collection, allowing

less complicated catenary systems to be used. High-voltage catenary can mean
simplification of the supporting structures through the elimination of transmission

circuits parallel to and above the catenary. The use of modern materials for in-

sulators, cables and items of hardware has shown considerable savings.

To date 25 kv has been the standard voltage for commercial frequency systems

and, based upon train loadings overseas, has been adequate. The 25 kv lightweight

catenary provides an optimum system rating of about 15 MVA, equivalent to an

aggregate of 15,000 hp at the rail in any single feeding section. To accommodate

heavier trains, a further catenary standard voltage of 50 kv has been advocated, and

this would serve an aggregate of some 30,000 hp on a modest catenary system, with

conductors comparable to lightweight systems overseas. With the development of

locomotives that can accept commercial frequency power, the need and cost of track-

side rectifiers for d-c systems and frequency converters have been limited. This

combined with the higher voltage of the supply which increases the distance between

feeder stations, has contributed considerable savings in die fixed electrical system.

3. Overhead Wire System

In its simplest form, the overhead contact system consists of a single wire sup-

ported from structures spaced up to about 160 ft apart. This is referred to as a trolley

wire and has been used for street car and trolley coach operation for many years.

Recent redevelopment in Europe has permitted its use for low-density train operation

with high voltage a-c.

The weight and complexity of the overhead wire system increases progressively

with the duty imposed by the combination of greater train power and speed. First,

a supporting wire or messenger is added to increase the conductivity, to enable the

contact wire to be supported in a desirable vertical profile and to permit the support-

ing structures to be more widely spaced. When die two-wire system is inadequate,

one or more additional wires may be added to increase die conductivity, the high-

speed performance, or the resistance to lateral blow-off by die wind. Hangers are

used to support one wire from another, their type and spacing varying considerably.

The influence of their design on performance and cost is somewhat greater than is

at first apparent due to their relative weight, larger number required and the time

consumed in their fabrication and installation.

The generic name "catenary" is applied to systems which have two or more

wires. A two-wire system is commonly referred to as simple catenary, and a system

which has three wires in vertical alinement is referred to as compound catenary.

Odier types of catenary take dieir names from particular features, for example:

stitched, inclined, or tangent chord. In stitched catenary, an additional wire is

clamped to the messenger a fraction of the span on either side of the supporting

structure, and used to support the contact wire under the structure. The inclined

style allows the trolley wire on curved track to be aligned by virtue of the resultant

pull due to its combined weight and radial load, thus causing the trolley wire to be

Bill. 64G
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inclined away from its messenger wire. In contrast, the chord construction has mes-

senger and trolley wire restrained in a vertical plane.

4. Modern Designs

Constant or automatically tensioned tangent chord catenary of two-wire, stitched

or compound construction is almost exclusively used for modern installations. Two-

wire systems have been developed for satisfactory use at speeds up to 100 mph.

Above this speed, stitched or three-wire systems are used depending on local prefer-

ence. The actual type selected for a project will depend upon the particular circum-

stances which apply to the overall distribution system. Although the principles and

hardware resulting from modern developments may be universally applied, actual

working systems cannot be totally transplanted. For instance, light European catenary

would not always be suitable for freight operation in the USA and Canada because

the ampacity might not be adequate for the heavy loads.

5. Wires

Contact wires are usually drawn from copper or bronze, although steel (or

an aluminum-steel combination) has been used in the past and new developments

are being evaluated.

A considerable variety exists in the size, material and stranding of the cables

used for the messenger wires. The use of steel has largely been discounted in modern

a-c catenaries because of its high electrical reactance. Bronze is less economical

than conductors made from a stranding of plain copper or copper and copper-clad

steel which is now in common usage. In addition aluminum and aluminum-clad steel

or steel reinforced aluminum conductors are in use. Aluminum cables are suitable

for ground, rail return, or feeder wires as circumstances dictate.

6. Hangers

A variety of hanger designs are now in use. Older designs incorporated heavy

sand cast clips with bronze bolts attached to the wires in combination with a bronze

or galvanized steel rod up to M inch diameter. One modern design incorporates cam

operated clips fabricated from bronze strap and a 3/16 inch diameter stainless steel

rod. Other types incorporate taper-lock bronze pressings and flexible bronze strands.

Some hangers are designed to carry current and others are designed specifically to

avoid this. In general, modern hanger designs are aimed at reducing weight without

sacrificing reliability.

7. Hardware and Insulators

The design of the fittings which are used to support the catenary from the

structures, and to hold it in the desired position over the track is influenced by sev-

eral considerations, the more important of which are:

(a) Standardization—There is a considerable incentive to use as few different

component parts as possible, not only from the aspect of initial cost of mass-produced

parts, but also with a view to subsequent maintenance. In this context, the possible

use of hardware already in production for utility transmission and distribution lines

should always be considered.

(b) Materials—Galvanized malleable iron castings are commonly used for

clamps and the ends of tubular structural members. These ends may be compressed

into the tubes rather than bolted or riveted. In suspension and steady assemblies,
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actual strength is seldom of primary consideration as the sizes are determined by die

needs of long-term wear, corrosion, and passage of currents. Bi-metallic corrosion

can usually be ignored because most designs incorporate additional sacrificial mate-
rial. In special cases, where the environment is particularly arduous due to the

presence of salt or other atmospheric contaminants, corrective measures using bi-

metallic straps, sleeves, or paste compounds may be used.

(c) Insulators—Insulators which meet the electrical requirements of a given

system can be obtained in several types of mechanical construction. All those in

common usage in utility networks having ability to withstand mechanical damage
have obvious advantages. Solid-core (post-type) insulators are almost exclusively

incorporated in the tubes of modern single-track insulated bracket construction.

Specially manufactured for catenary use, these insulators have found an application,

when used in relatively large numbers, because they enable a lighter bracket to

be used. Application of standard insulators for low clearance areas on railroads

presents problems and a good alternative is to introduce custom-designed insulators

and connections as part of the catenary design range.

8. Tensioning

Early catenary systems utilized dead-end termination for the wires. However,

it was later found that tiiere weie certain advantages to be gained from dividing

the catenary into discrete lengths of about one mile (called tension lengths) and

installing balance weights to keep the tensions almost constant. Where required,

section breaks are easily formed at the points where adjacent tension lengths over-

lap. This also simplifies maintenance.

All new high-speed catenary has constant tension, and for locations where it

is inconvenient to use pulleys and weights, a has/hydraulic tensioning unit has been

developed. It should be remembered, however, that severe ice loading on wires will

overtax the capability of most economic automatic tensioning systems, causing eidier

an increase in wire tensions or distortion of die vertical profile of the catenary. This

must be considered in the structure loading calculations.

9. Pantographs

Since the action of the catenary and the pantograph are so intimately related, a

discussion of one is never complete without a mention of the odier. The trend to

higher system voltage with correspondingly lower currents has enabled die strength

and weight of the pantograph to be reduced, largely because the required lineal

contact between wire and pantograph is less. At the same time, the move to higher

speeds has increased the tendency to create oscillations in die catenary. This is evi-

dent for train speeds at which the frequency of the forces on the catenary coincides

with a natural frequency of the system. In these circumstances large oscillation may

develop.

Because the catenary system has relatively little natural damping it is found in

practice that viscous velocity damping, applied to the pantograph, will extract suffi-

cient energy from the system to enable satisfactory current collection to be obtained.

This is particularly true where multiple pantograph consists are used, when panto-

graphs other than the leading one move on to a wire which is already vibrating.

The shape and size of die pantograph can have considerable bearing on the costs

of electrification since the wider the pantograph the greater may be the spacing

between the structures which support the catenary. This should be kept in mind
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when considering the electrification of an isolated railroad since the pantograph

itself may be widened, at relatively little cost, to the maximum width admissible

through tunnels or under overhead structures.

The contact surface of the pantograph can be of steel, copper or metallized

carbon. In practice, the latter is found to give very long life and is least abrasive to

the trolley wire.

10. Sectionalization

The catenary may be divided, by electrical section breaks, into lengths which

extend to as much as five miles or more. These section breaks enable a section to be

independently de-energized and isolated for maintenance or other reasons. The
existence of these breaks also eases the problems of ground fault detection. In early

installations, section breaks were almost exclusively constructed by overlapping

lengths of trolley wire separated across track by a suitable air gap which the panto-

graph commutated as it passed through. These are referred to as air breaks. Section

breaks incorporating wood or plastic runners or assemblies incorporating porcelain

insulators were also used where train speeds were low.

The use of commercial frequency a-c electric power has shown that adjoining

sections of railroad, each including several such electrical sections, may be energized

by different electrical phases, or by unsynchronized sources. These lengths are sepa-

rated by what are termed phase breaks and it is important that they are not com-

mutated by the pantograph. This involves the use of special construction which may
incorporate several air breaks or solid insulated runners in series. Neither the multiple

air break type of construction nor the earlier types of solid runners were suitable

for high-speed multiple pantograph operation. However, modern composite light-

weight insulators which can withstand the abrasive action of the pantograph have

been developed and are used in both phase and section breaks.

11. Supporting Structures

These must be designed to withstand the loads imposed by not only the catenary

but by feeders, return conductors, ground wires or signal power wires which may
be installed. Circuits sensitive to electrical interference should be located as far

as possible from the power conductors, preferably on separate pole lines or under-

ground.

Allowance must be made for wind and ice loading on the wires and poles, and

for the increase in the radial forces due to wire tensions where the track is curved.

Poles should be checked for deflection resulting from changing loads. A limit is

usually imposed on such deflections, since this affects the maximum pole spacing.

There are many variations in the types and construction of supporting structures.

The choice will depend to a large extent upon the local environment, economics,

the number of tracks to be equipped, and to some extent upon aesthetics and

tradition.

The relative costs of materials for different types of construction are not static

but can change almost overnight as a result of changes in the price and availability

of raw materials. Modern trends are toward a reduction in field labor in both con-

struction and subsequent maintenance.

Wood poles are often guyed in order to offset their tendency to bend and creep.

The widespread use of wood poles for utility distribution lines has generated extensive

data on performance and application. Although the natural timber pole is increasing
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in cost at a greater rate than its competitors, alternatives such as laminated and
built-up glued sections are now available. Rolled or tubular steel poles are commonly
used especially where larger fabricated sizes are required. Galvanizing is often pre-

ferred to initial painting. Weadiering steels are finding extensive use in civil engi-

neering construction but they have not so far found extensive use in catenary
supports. Reinforced concrete poles have been used; however, some earlier designs

had an inadequate cover of porous concrete and were not universally favored.

Under suitable economic conditions, the modern reinforced, prestressed,

centrifugally-cast tubular pole may be successful in North America. Multiple tracks

are frequently wired by means of cross catenary construction having either side-

guyed or self-supporting poles. Portal structures are an alternate. Comparative
economics may show only marginal cost differences between these support systems

and each situation should be critically examined witii respect to foundations, struc-

tures and supporting hardware.

12. Design Criteria

The wire sizes in a catenary system are determined on the basis of two electrical

criteria: wire heating effects due to traction currents, and line impedance. In a-c

systems, the division of current between the several wires is determined by their

relative electrical impedance. This in turn is dependent upon the self and mutual
impedances between all the system power conductors including parallel catenary

systems.

13. Design Parameters

Hanger and normal clearance calculations are performed with the wires assumed

to be at a selected median temperature. Extreme temperatures and loading conditions

are used for calculating maximum physical loadings and limiting clearances. The
National Electric Safety Code standards provide a basis for evaluating the combi-

nation of temperatures with wind and ice loadings, which may be used in die latter

calculations. However, the XESC standards are minimum requirements and are

necessarily general, so that local climatic records should be considered, where they

may result in more severe loading or clearance conditions.

The previous criteria refer to the maximum loading condition which govern

the integrity of the system. Consideration must also be given to the concept of

maximum operating condition as related to the across-track displacement of contact

wire in response to wind forces. This maximum displacement should not exceed

one-half the maximum usable width of the pantograph less allowances for total

pantograph sway in one direction, and the static offset of the wire from the center

of the pantograph. For a given catenary design and pantograph displacement, die

maximum allowable span varies approximately inversely as the square root of the

assumed wind pressure; consequently the assumption of excessively high wind pres-

sures will result in uneconomically short span lengths.

Fundamentally, blow-off design calculations for maximum operating conditions

are directed towards reducing to an acceptably low level, the probability of panto-

graph dewirement. It is quite uneconomic to design for freak weather patterns of

long-return intervals occurring precisely at the time and place when a train is passing.

Therefore, the practice has been developed of designing for a representative wind

speed to calculate the wire displacement. Allowance is also made for the effects of

"stagger" whereby on tangent track the trolley wire is displaced at alternate struc-
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tures to opposite sides of the center line of the pantograph. Furthermore, these

design guidelines should be used with discretion in the condition wherein all wires,

including the trolley wire, may be loaded with ice. Normal line speed and current

collection cannot be achieved at such times and due allowance should be made
in performance specifications.

14. Research and Development

Considerable research effort has been devoted to the catenary over tire last

two decades. This has been directed along two main channels, firstly to obtain a

better understanding of the dynamic phenomena which govern its performance at

high speeds and secondly to develop materials, components, and techniques which

will enable the costs of construction and maintenance to be reduced.

(a) Research—High-speed performance research has taken tiiree mutually con-

nected forms. Pure theoretical studies based on analytical methods and computer

models, both analog and digital, have been performed with the objective of predict-

ing speeds and formulating methods by which critical resonance effects might be

reduced. Scale models have been constructed and tested to study the static and

dynamic performance of the catenary with or without a pantograph. Every country

which has installed high-speed electrification since World War II has also conducted

full-scale tests up to speeds well beyond that for which a particular system was de-

signed. The results of these tests are that service trains are currently being operated

at speeds of 125 mph and the use of lightweight simple catenary has been extended

up to 100 mph. Maximum speeds under test conditions have regularly exceeded 160

mph and diis has highlighted the problems which remain.

(b) Development—The current practice with regard to conductors and wires is

discussed in Section 5. Developments have concentrated on the use of new and

more economical materials. Hangers have changed in that the better understanding

of how they become subject to compression has caused fewer and lighter hangers

to be used. Considerable advances have been made in designs of catenary supporting

assemblies so that galvanized steel is now used in quick assembly fittings to replace

assemblies incorporating bronze sand castings and machine-cut threads while still

retaining an adequate degree of flexibility for adjustment. Compression techniques

are now in extensive use, replacing spelter sockets on guys and bolted clamps on

electrical connectors. Modern materials, particularly glass-fiber-reinforced plastic

resins, are now acceptable as insulators in low clearance support assemblies and

in phase and section breaks. In the latter cases, construction is far simpler and less

costly, while die mechanical characteristics of die insulators on which the pantograph

rides can be closely matched to the trolley wire in which they are inserted. By this

means the hard spots or wire height variations which were an undesirable feature

of earlier designs are eliminated and die section breaks may be traversed at high

speeds.

Although the form of the supporting structures has not changed appreciably,

considerable thought has been given to reducing the labor content and to transfer

the remaining labor from the field to the shop.

Progress continues to be made in the welding of larger fabricated steel support-

ing structures. Here the elimination of moisture traps and surfaces which cannot

be reached for painting is important.
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Very few foundations are hand-excavated in industrialized countries. Augers
and diggers both have their proponents and each have particular advantages in suit-

able ground conditions. Foundation design is therein influenced.

15. Construction

Effective planning and construction supervision achieves effective cost control.

The extent of this requires field inspection to verify die presence of underground

obstructions and soil conditions at each proposed structure location. The size and

types of most of the structures may be determined in the design stage, but the actual

size of foundation and the method by which it is to be excavated will be determined

as a result of the field survey and the conditions that are revealed. Excavation by
hand, auger, bucket, explosives and impaction have all been used, and backfilling

is accomplished with concrete, stone and earth, and more recently the use of ex-

panding plastics. The cost benefit of one method over another will be determined by
the supply of labor and material, road accessibility to and alongside the railroad,

and the timing and duration of the track occupancy made available by the railroad.

Once the poles are erected, the supports for die catenary can be put in place.

These may be erected by hand or from vehicles on the track or trackside according

to circumstances. In some situations, poles can be dressed prior to erection.

The wires are usually run from a wire train, the messenger first followed by

the trolley and other wires. Temporary hangers are used to support the trolley wire

during installation. The wires are normally pre-tensioned before termination in order

to allow for some initial creep. Permanent hangers are dien installed. Considerable

emphasis should be placed on the rapid fabrication and installation of this high

quantity item.

When the wires have been properly terminated, hangers and final supporting

and registration assemblies installed, the inspection and final adjustment are per-

formed. This is best carried out on a car with a pantograph mounted. The vertical

and horizontal positions of die trolley wire may be finally checked, and commu-

tation at the section breaks verified.

16. Maintenance

There appears to be considerable disparity between the effort expended by

different railroad administrations in planned maintenance. All railroads employ regu-

lar visual inspection from the ground, or from moving vehicles, but on some this is

supplemented by the regular periodic use of an instrumented car to record the static

position of the contact wire and to compare it with previous records. Some railroads,

particularly those which operate high-speed trains, also operate an instrumented

vehicle with properly designed visual observation facilities for normal service speeds.

The responsibility for maintenance of catenary is often covered by a different

department from that responsible for pantographs. Thus, when an attempt is made

to determine die cause of an incident, divided responsibility prevails. Closest cooper-

ation or unified responsibility cannot be over emphasized.

By the very nature of the collection system, some contact wire wear is inevitable.

The general objective is to keep the wear as uniform as possible by eliminating hard

spots.

Railroads tend to establish maintenance intervals largely on the basis of ex-

perience. The maintenance procedures and mediods used depend to some extent

on local regulation, on system voltage and on traffic density. Live line maintenance
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has been used extensively on the low-voltage systems, and is now being gradually

extended to high-voltage systems.

Although wire trains are still used for major repairs, the use of road/rail vehicles

is becoming prevalent where road access to the railroads is good. The relatively

greater cost of labor is also leading towards smaller, more mobile maintenance crews

which may be called considerable distances beyond their normal work area when
a major accident occurs or when planned concentrated maintenance is executed.
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Committee

( E ) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman and secretary, are
the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Xo report.

1. Investigate the practicability of using disposable coded placards for

identifying shipments of excessive dimension and/or weight that could

be used in conjunction with the Automatic Car Identification System.

No report.

2. Compilation of the railroad clearance requirements of the various states.

No report.

3. Investigate new methods and development of equipment for recording

measurements of clearances of structures along right-of-way and overall

dimensions of cars and loads.

No report.

5. Revise "Suggested Method of Presenting Published Clearances" now in

the Manual.

No report.

8. Extend "Table for Computing Curve Offsets on Overhanging Loads"

now in the Manual, to accommodate longer loads and longer truck cen-

ters, collaborating as necessary or desirable with Committee 32.

No report.
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9. Investigate the possibility of including the truck center dimension of all

cars in the Official Railway Equipment Register, collaborating as nec-

essary or desirable with the Mechanical Division, AAR.

No report.

The Committee on Clearances,

M. E. Dust, Chairman.
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5. Turnout and Crossing Design, Collaborating as Necessary or Desirable

with Committees 1, 3, and 4.

Brief progress report, submitted as information page 669

6. Track Construction, Collaborating as Necessary or Desirable with

Committees 1, 3, 4 and 22.

No report.

7. Track Maintenance, Collaborating as Necessary or Desirable with Com-
mittees 1, 3, 4, and 22.

No report.

8. Criteria for Track Geometry Design as Related to Modern Equipment,

Collaborating as Necessary or Desirable with Other AREA Technical

Committees, and with the Engineering, Mechanical, and Operating-

Transportation Divisions, AAR.

Progress report, presented as information page 670

COMMENTARY

During the past year much thought has been given by the committee chairman

and other interested members as to what steps should be taken to make this com-

mittee a more useful tool of the Association. Monetary restrictions, travel restrictions,

and heavy "at home" work loads or lack of interesting and imaginative subject mat-

ters has made active participation in committee activities essentially non-existent for

the majority of our members. Even our most active members who have tried to

conscientiously carry on and progress our present subject matter have become very

discouraged with the lack of response and apparent disinterest on the part of this

majority. It is the overwhelming consensus of this "concerned" membership, which

incidentally includes Members Emeritus, past chairmen, and those who remember the

level of activity in the "good old days," that unless we have some greatly increased

involvement by the AAR either in track-related R&D projects or Laboratory Test

projects that at the best we face a very limited productive future. The "interested

and concerned" membership is also becoming more and more convinced that the

results and limited conclusions presently obtained are not worth the personal effort

and accompanying aggravation.

Response from chief engineering and maintenance officers this past year to a

call for new track committee subject matter indicates there are many answers needed

on a variety of interesting and challenging subjects. With very few exceptions, how-

ever, the progression of these subjects to a suitable conclusion requires an active

participation by some type of supplementary or outside organization and cannot be

handled satisfactorily within the framework of the committee as presently constituted.

The alternative to this outside participation is a greatly increased commitment by

the Member Roads through their committee members to accomplish the job "in

house." This, however, would require a time and monetary outlay which we feel

is impractical to expect or even hope for.

Your committee, therefore, very strongly feels that a new approach to com-

mittee organization and subject matter is needed to again establish the Track Com-
mittee as a meaningful entity of the Association.

The Committee on Track,

L. A. Pelton, Cliairman.
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Report on Assignment B

Revision of Manual

A. J. Schayet (chairman, subcommittee), J. O. Born, R. E. Bunker, H. D. Hahn,
A. B. Hillman, Jr., D. L. Jerman, W. B. O'Sullivan, G. H. Perkins, L. E.

Porter, V. M. Schwing, W. J. Wanamaker.

Chapter 5 of the Manual was reviewed during the year and the committee will

recommend that die following pages be reapproved with a current date: 5-3-5

through 5-3-13, 5-5-1 through 5-5-3, 5-5-6, 5-5-7, 5-5-8, 5-5-9, 5-5-10,

5-6-5 through 5-6-8, 5-6-13, 5-6-15 drrough 5-6-21, and 5-6-24 through 5-6-26.

Further study will be required to determine the need for both soft steel and

high carbon steel track spikes.

The committee will continue to study the possibility of including lock pin and

collar in appropriate paragraphs pertaining to track fastenings.

The Article on Welding of Manganese Castings in Special Trackwork is being

studied and will be rewritten in 1974.

Report on Assignment 5

Turnout and Crossing Design

C. N. Kixg (chairman, subcommittee), A. G. Ellefson, R. J. Jones, R. E. Kuston,

J. R. Masters, L. P. McKenna, B. E. Pearson, L. A. Pelton, G. H. Perkins,

G Perko, L. E. Porter, L. L. Rekuch, A. J. Schavet, E. R. Wiltz.

(a) Types of Crossing Frogs in Use as Related to Speed, Tonnage, Etc.

This assignment was reworded this year. Your committee is preparing a ques-

tionnaire to be submitted to all Member Roads in order to obtain some usage and

performance data. Without question it will take considerable study and interpreta-

tion of the obtained data in order to arrive at something useful as a planning tool.

For example, in addition to exactly under what conditions frogs are presently being

used, performance and intended future usage will necessarily have to become an

integral part of any presented data.

In addition to the above approach, it is anticipated that the committee will

want to consider field inspections of certain selected crossings installations as a

supplementary information source.

Bui. 640
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Report on Assignment 8

Track Geometry
A. B. Hillman (chairman, subcommittee), R. E. Bunker, W. B. Dwinnell, D. L.

Jerman, L. T. Klauder, N. R. Meyer, B. E. Pearson, W. B. O'Sulltvan,
L. A. Pelton, B. Post, R. E. Tew, W. J. Wanamaker, M. Wilson.

(a) Special Requirements of Track Construction and Maintenance Due to
Operation of Equipment with High Centers of Gravity

The subcommittee has obtained some new information on this subject and is

actively progressing the assignment.

Special Subject: Investigation of Minimum Length of Tangent Track
Required Between Reverse Curves

The report of the subcommittee published on page 414 of Bulletin 631,

January-February 1971, contains some recommendations for tangent distances with

respect to curvature based on a track and car model system study made at the AAR
Research Center. Since that time a major railroad has made an independent study

which leads us to believe this matter should be reviewed. A comparison of the sub-

committee report mentioned above and the results of the independent study follows:

Minimum Length of Tangent in Feet

Degree of AAR Independent

Curvature Study Study

Under 6

6 20

7 30

8 10 40

9 20 60

10 30 70

11 40 70

12 50 70

13 60 70

14 70 70

15 70 70

The figures developed by the AAR were based on a consist of two TTX cars

with 43-inch couplers and maximum attainable coupler angle at contact with the

striker of 17 degrees. The consist used in the independent study was composed of

one TTX car coupled to a 65-ft mill gondola. The latter car has a shorter coupler

length and a maximum attainable coupler angle of only 7 degrees.

The AAR study allowed for one coupler to be placed hard against the striker

and for an angularity to develop in the coupler knuckles in sharper curves, whereas

the independent study considered this too extreme a configuration, especially in con-

sideration of the variation in track alignment and train operating conditions which

can exist. Also, the AAR study allowed for lateral play in the bolster, truck frames

and axles, whereas the independent study did not.

Both studies agreed in two respects:
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1. The assumption of a "quasi-static" traverse of the curves (i.e. dynamic
forces due to train momentum are negligible). This requires low train

speeds to be imposed in all cases.

2. The assumption of negligible draw bar buff or pull.

The subcommittee will continue to work on this matter to determine the worst
possible consist for negotiating reverse curves. This will be done by reviewing cur-

rently active rolling stock for restriction of the attainable coupler angle and for

car overhang. A likely candidate configuration would consist of a long-overhang car

coupled to a short car with severely restricted coupler angle. We will also investi-

gate the acceptability of coupler knuckle angularity.
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Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Revisions to the Specifications for Steel Railway Bridges submitted for

adoption and publication in the Manual were published in Part 1 of

Bulletin 645, November-December 1973.

3. Protection of Steel Surfaces.

A new section for Part 7—Existing Bridges, of Chapter 15 of the

Manual, Section 7.5—Maintenance, was submitted for adoption. The

new section was published in Part 1 of Bulletin 645, November-

December 1973.
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7. Bibliography and Technical Explanation of Various Requirements in

AREA Specifications Relating to Iron and Steel Structures.

Editorial changes to Part 9—Commentary and Bibliography, of Chap-

ter 15 of the Manual were submitted for adoption and published in

Part 1 of Bulletin 645, November-December 1973.

10. Continuous Welded Rail on Bridges, Collaborating as Necessary or

Desirable with Committee 31.

No report.

The Committee on Steel Structures,

L. F. Currier, CJiairman
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Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Manual revisions and additions submitted for adoption were published

in Part 1 of Bulletin 645, November-December 1973.

2. Collaborate with AISI Technical Committee on Rail and Joint Bars

in Research and Other Matters of Mutual Interest.

No report.

3. Rail Failure Statistics.

No report.

4. Up-Date Data on Methods and Equipment for Making Welding Repairs

to Rail and Turnouts.

No report.

5. Rail Research and Development.

No report.

675



676 Bulletin 646—American Railway Engineering Association

6. Joint Bars: Design, Specifications, Service Tests, Including Insulated

Joints and Compromise Joints.

No report.

9. Standardization of Rail Sections.

No report.

10. Effect of Heavy Wheel Loads on Rail.

No report.

The Committee on Rail,

V. E. Hall, Chairman.
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E. N. Wilson
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A. Youhanaie

Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Manual and Revision of Manual.

No report.

1. Define Systems Engineering and Illustrate Systems Concepts with

Applications to Railroad Engineering.

No report.

2. Administrative Systems—Disseminate Information Pertinent to Design

and Implementation, Including Specific Applications or Techniques

Within the Scope of Railroad Engineering.

(a) Clearances—excess weight and/or dimension.

(b) Engineering applications of managerial accounting.

(c) Roadway equipment systems.

(d) Structures inventory systems.

( e ) Further subjects as assigned.

No report.
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3. Technical Applications—Disseminate Information Pertinent to the

Design and Implementation of Computer Solutions to Specific Engi-

neering Design and Analysis Problems.

( a ) Yards and humps.

( b ) Use of engineering graphics.

(c) Structures—design and analysis.

(d) Further subjects as assigned.

No report.

4. Compile a Digest of Present Railroad Engineering Systems Applica-

tions, Including all Present Systems-Oriented Applications of the As-

signments of Other AREA Committees.

No report.

5. Systems Engineering Education—Collect and Disseminate Information

to the Association Membership by Means of Special Features, Seminars,

Demonstrations and Printed Material.

(a) Special presentations at Regional and Annual Meetings.

(b) Glossary of terms.

(c) Further subjects as assigned.

No report.

6. Provide Interface for Coordination of Effort in Railroad Engineering

Systems.

( a ) Between railroads.

( b ) Between AREA and AAR Data Systems Division.

( c ) Between the Committees of AREA.
(d) Between AREA and DOT (FRA).

No report.

COMMENTARY
As indicated by the assignments listed above, Committee 32 has completely

reformatted. The changes are dynamic and require dedicated and active participa-

tion of each member in order that total fulfillment may be reached. As can be

recognized, the assignments are open ended which allows the committee to function

in any area applicable with the definition "Systems Engineering."

During the past year the committee has sponsored special presentations at the

Annual meeting as well as the Regional meeting, including a demonstration of pro-

grammable calculators at the Regional meeting. This year we again are sponsoring

a special feature which, in our opinion, clearly depicts the means by which a Sys-

tems Engineering approach can be applied in the normal assignments of this organ-

ization. To point: while each subcommittee is working in its own areas, i.e., in the

text of gathering and disseminating information; the preparation of a digest of engi-

neering programs to be distributed; a continuation of the glossary distributed to

members of the Board of Direction and Chairman of the Technical Committees
shortly after Annual meeting last year; and establishing a liaison between the Data
Systems Division of the AAR and this committee to perpetuate our joint and mutual

efforts, the committee is jointly involved in a venture of applying the techniques

of Systems Engineering to the solution of one specific assignment, namely, Assign-

ment 2d, a Structures Inventory. The special feature to be made at the 1974 Annual
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meeting will, in detail, demonstrate the progress of the committee in this endeavor.

However, for purposes of this report, I would indicate that the committee has taken

this one specific area and then in accord with the charges of each of the six applica-

tion areas are preparing individual work to be combined in a final document for

inclusion in the text of the AREA Manual for this committee.

Although not unique, this approach has provided a common denominator by

which the committee as a team functions and in so doing can recognize all relation-

ships of the various areas rather than limiting their approach to simply the "Admin-

istrative Systems" to which this assignment was originally charged.

In the year to come I fully anticipate the completion of the digest as refer-

enced in Assignment 4 which will be further enhanced with work being accom-

plished under Assignment 6 dealing with coordination of effort in Railroad Engi-

neering Systems not only between railroads but other professional bodies. Within

the assignments of Subcommittees 2 and 3, we have collected papers which, after

the committee as a whole has had opportunity to peruse, will be forwarded as infor-

mation and publication in forthcoming AREA Bulletins.

Subcommittee 5 will continue to recommend special feature, seminars, etc. as

a means of dissemination of information in an area which grows more rapidly than

any in our past history. We would hope to again sponsor special feature at not only

the Regional meeting but also at the Annual meeting in 1975.

The Committee on Systems Engineering,

R. H. Knittel, Chairman.

Wallace €. Botoling

1909=1973

Wallace E. Dowling, system bridge engineer of the Union Pacific Railroad, died

on July 23, 1973 at Omaha, Neb. He is survived by his wife, Edna, and a daughter,

Mrs. Phillipp Laughlin.

Mr. Dowling was born at Madison, Neb. on November 19, 1909, and was a

graduate of Nebraska University where he earned degrees in geology and civil

engineering. He began his career with the Union Pacific in 1938, holding various

positions in the bridge department. He was appointed system bridge engineer in

March 1986. He joined the American Railway Engineering Association in 1945 and

was a member of Committee 15—Steel Structures, as well as Committee 32.

In his career on the Union Pacific "Wally" handled many complex engineering

problems, and leaves behind an enviable record of achievement. His personal and

professional conduct was an inspirational enrichment to all with whom he came

in contact.
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WELD 60-80
STRAIGHT OR COMPROMISE

JOINTS

Ufilln I

THERMIT©SELF-PREHEAT
RAIL WELDING

THE MODERN IN-TRACK METHOD
• AUTOMATIC, ERROR-FREE PRE-HEATING AND
TAPPING OF WELD METALS

• EASY, COLD REMOVAL OF RISERS
• MINIMUM GRINDING
• NO EQUIPMENT TO PURCHASE OR LEASE

COMPLETE THERMIT RAIL WELDING DE-

TAILS PLUS JOB-SITE DEMONSTRATIONS.
WRITE OR CALL

THERMEX METALLURGICAL, INC.
LAKE HURST, N. J. 08733 • (201) 657-5781

SALES OFFICES IN MAJOR CITIES
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The Allegheny Insulated Rail Joint

Designed to withstand the heaviest traffic

in welded rail

This modern joint cements rail ends in position and thereafter

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs. It reduces rail and wheel batter

to a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233
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A tradition of service . . .

• Water Treatment Chemicals Protecting Diesel Cooling

Systems and Steam Generators

• Weed and Brush Control Chemicals

• Fuel Oil Additives

• Pollution Control Chemicals and Consulting Services

• Wheel Flange Lubricators

IMALCO CHEMICAL COMPANY
1BO N. MICHIGAN AVENUE a C HI CAGO. ILLINOIS BOBQ1

{* Trademarks of Nalco Chemical Company NALCO

EXPERIENCED SPECIALISTS
IN THE REPAIRS OF....
RAILROAD STRUCTURES

M • I CORPORATION

urzib
FOUNDATIONS, UNDERPINNING AND INVESTIGATIONS

AUGERCAST-.* Piles — placed without vibration

• For new foundations and underpinning
• Retaining wall piles. Low headroom piles

• Tie-back anchoring system for excavations
• Tension piles and anchors

PRESSURE GROUTING
• BAGPIPE®* Groutainer™ inflatable forming system
• Soil stabilization for arresting settlement of structures

• FIRM-UP® chemical grouting for consolidating soils

• Consolidating masonry bridge abutments and piers

TM

CONCRETE AND MASONRY STRUCTURAL REPAIRS

• Bridges, dams, power plants and dry docks
• Scour repairs

• Tunnel lining repairs

• Repairs to precast, concrete, wood and steel piles

PREPLACEO AGGREGATE CONCRETE (PAC)

• Cofferdam seals

• Underwater repairs, piers and abutments
• High density concrete for shielding

• Concrete and masonry structural repairs

• Underwater concrete

ONE-SOURCE MARINE SERVICES

• Inspections above and below water
• Engineering reports of inspections

• Staff of experienced divers to perform
corrective repairs

• Submit budget or firm quotes

• Complete the work based on findings or at the

direction of Owner's engineering department
or consultant

* Covered by U. S. and Canadian Patent*

P.O. BOX 155 • BRECKSVILLE, OHIO 44141 • TELEPHONE 216/659-3141
ATLANTA • BALTIMORE • CHICAGO • DETROIT • FT. LAUOERDALE • HOUSTON • JACKSONVILLE

MINNEAPOLIS • OMAHA • SEATTLE • TORONTO • TULSA
AFFILIATES: LEE TURZILLO CONTRACTING CO. • AUGERCAST PILE & FOUNDATION COMPANY

TURZILLO CONTRACTING LTD.
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Channeloc*
Massive, unique channel shape pro-

vides tremendous gripping power. Its

great tensile strength adds years to

service life . . . and saves replacement
costs. Channeloc is applied easily and quickly with

minimum ballast disturbance . . . and can be re-

applied.

Clipioc " . . . designed, tested and proven for modern
concrete tie installations. Choose from standard

Clipioc or insulated Clipioc with permanent fiber-

glass-reinforced epoxy for 100% insulation.

Two
forthe
road

Clipioc*

...and then some!
To assure continued quality control, True Temper
maintains a Field Service Department. These field

engineers spot-check rail anchor applications and
return at specified intervals to check in-service

durability.

IHS IRUE IEMPER
iSsS RAILWAY APPLIANCE DIVISION

Charne;oc .s protected by U.S. Patent Numbers 3.102.690 — 3,1 18,327 — 3,1 59.198. Clipioc is protected by U.S. Patent Number 3,477642
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HABCOl Satisfaction through service

Specialists and manufacturers in the field of vegetation control.

SOIL STERILANTS
GRANULES—HABCO HYCHLOR . . . HABCO

5H . . . HABCO 10K . . .

HABCO 10T . . . HABCO
BROMEX

LIQUIDS —CHLORATE-BORATE . . . HYVAR
X . . . KARMEX . . . TELVAR
. . . ATRATOL . . . PRAMITOL

CONTACT CHEMICALS

DACONATE . . . DACAMINE
OF ALL KINDS

BRUSH CONTROL

2,4-D't

AMMATE . . . HABCO 1 0B ... ALL COM-
BINATIONS OF 2,4-D and 2,4,5-T

YOUR APPLICATION OR OURS

HABCO INCORPORATED
Our regional representatives are as close as your telephone.

D. Douglas Boatright

Room 604, Transportation Bldg.

Birmingham, Ala. 35203
205/252-6715

Donald E. Home
7301 West Lake St.

Minneapolis, Minn. 55426
612/929-4689

Robert E. Lund
1040 Coulter

Winnipeg 3, Manitoba
204/786-3421

John A. Forderhase
J. R. McCambridge
2251 Armour Road

North Kansas City, Mo. 64116
816/421-1488

Two Racine machines to cut your
rail anchoring costs...
New "ANCHOR-MATIC"
Pre-set and apply most types of anchors fast,

with one man, one machine. Operator places
single or double anchors on feeder rack and
hydraulic power does the rest— smoothly,

precisely, automatically.

Adjustable stops prevent over-driving. Unit is

self-propelled at 15 mph; pivots on hydraulic

jack to any position.

BSjf

Original "ANCHOR-FAST"
Popular, proven machine for applying driven-on

and tool-applied anchors. Squeezes single or

boxed anchors against ties, then presses them on
_-~ rail base with smooth hydraulic power. Adjustable

K-a^Ss^*^*^ stops prevent over-driving. Self-propelled at

15 mph; can be rotated 180° with hydraulic jack.

ANCHOR-TIGHT attachment available for

repositioning old anchors.

RACINE RAILROAD PRODUCTS, INC.
1524 FREDERICK STREET • RACINE, WISCONSIN 53404
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What's he doing 1

Drilling one of 12,000

inspection holes in

this 1300' creosoted

pine trestle

Why
to locate internal

decay and evaluate

remaining timber

strength.

That's what we

mean by inspection

and in-place treatment

OSMOSE WOOD PRESERVING CO.

4915 MONONA DRIVE

MADISON, WISCONSIN 53716
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KERITE
CABLE

For dependability in actual use, no other cable

matches Kerite. We believe you will be im-

pressed by the evidence.

THE KERITE COMPANY
PRINCIPAL OFFICES: Boston; Chicago; New
York; Philadelphia; San Francisco; and
Seymour, Connecticut • Sales Representa-
tion throughout the United States. A sub-

sidiary of Harvey Hubbell Incorporated.

RITE insulation that makes the difference

10625 Franklin Ave.
Franklin Park, III. 60131

455-4400

RAILROAD CONSTRUCTION
COMPLETE MAINTENANCE
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Tai/imcnt
RAILWAY MOTOR CARS

AND WORK EQUIPMENT

i^ia
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Turn Your Track Salvage

Into Extra Dollars

Allow Us To Quote Top

Prices For Your Surplus

Rail and Accessory Items.

CONTACT

VALIANT STEEL AND EQUIPMENT, INC.

P. O. BOX 17598

ATLANTA, GEORGIA 30316

Phone: (404) 243-3731 For Prompt Response
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no matter how
you look at it

there is just

one toilet

that stands alone,

one toilet that

has gained
general acceptance
world wide,
one toilet familiar

to all who have ever
flown in an airplane,

traveled in a bus,

sailed in a boat,

or lived in a
recreational vehicle,

the one chemical
retention toilet

now available,

designed especially

to recognize
the rugged requirements,

for all your
sanitation needs:

locomotive
caboose
work equipment . .

.

the Vapor NEWMATIC* toilet

the toilet used
by more than 40 railroads**

become more familiar,

write

Transportation Systems Div.

Vapor Corporation
6420 West Howard Street

Chicago, Illinois 60648
In Canada-
Vapor Canada Limited

BSBS VAPOR
^^^dfl CORPORATION

ASPORTATION SYSTEMS DIVISION

*TM Monogram Industries. In

"names furnished on request
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M-1100 PORTABLE TURNOUT
increases productivity of men
and equipment up to 25%

Safe Iran

TURNOUT TYPE SET-OFF

Keep equipment

where the work is.

Save fuel

•

Maintenance and
servicing of equip 1-

mentcan be done
at job site.

•

Easily assembled
— can be assembled

in 2 hours by 2 men.

•

Supports loads

up to 60,000 lbs.

>ut assembled for M/W equipment set-off.

Write for complete details and specifications

Turnout with points and frog rem

Safetran Systems Corporation
7721 NATIONAL TURNPIKE • LOUISVILLE, KY. 40214 • (S02) 361-1691

DIVISIONS: CUCAMONGA. CA 91730 — 9271 ARROW HIGHWAY f714) 987-4673
LOUISVILLE KY 40214 — 7721 NATIONAL TURNPIKE (502| 361-1691
MINNEAPOLIS. MN 55421 —4650 MAIN ST. N.E. (612) 560-4400

SUBSIDIARY: TESGO — LOUISVILLE. KY 40214 — 7721 NATIONAL TURNPIKE (502) 361-1691

REPRESENTATIVES: Southeastern Railroad Materials, Inc.. 3588 Broad St., Atlanta. GA 30341

Southeastern Railroad Materials. Inc. 5531 Commonwealth Ave., Jacksonville, FL 32205

Vale Enterprises, Ltd., 375 Bord du Lac, Dorval, Quebec
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. . . that will prevent

buckling, pull-aparts,

and other problems

caused by rail

expansion and
contraction!

In addition, each Conley Slid-
ing Rail is designed to meet
speciBc track conditions. Each
is completely automatic and
temperature-controlled. And
its heavy base (approx. 2,400
lbs.) assures solid foundation
and rugged, long-lasting
dependability.

The heat-treated, pre-curved
wing rail, and one-piece man-
ganese steel casting—consisting
of base, point, guard rail, and
rail braces—insures a constant
gauge. (Photo indicates the
heavy wheel tread that is
maintained regardless of rail

expansion or contraction.)

C«nley
For complete details write:

Conley Frog and. Switch Co.
Box 9188 1 Memphis, Tennessee 38109
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VELSICOI!
"THE NEW FORCE IN

VEGETATION CONTROL CHEMICALS"

BANVEL®

The 3 E's herbicide

Efficacy—Bcmvel is a systemic.

Economy—Long-lasting and low cost.

Ecology—Relatively short persistence—established tolerances for

many food crops and milk.

VEGATROL™

A full line of 2,4-D's and 2,4,5-T together with the Banvel line of

herbicides, answers your unwanted Vegetation Problems.

ACCUTROL™ air emulsion

SPRAY SYSTEM

• Low-volume Spraying

• Drift Reduction

VELSICOL CHEMICAL CORPORATION
341 East Ohio Street

Chicago, Illinois 60611
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You'll save time,
trouble and money
when you switch to

PORTEC Track Equipment,

And we've gotthe
facts to prove it!

Ask your Portec man for details.

Or contact:

PORTEC inc.

300 Windsor Drive

Oak Brook, Illinois 60521
Telephone: 312/325-6300

In Canada: PORTEC, LTD.
500 Dominion Square Bldg.
Montreal, Quebec H3B1G4
Telephone: 514/866-9368

Portec Mark III Pak® Portec Poly-Insulated®

Plastic Renewal Kits Rail Joints

Up to 1 times the service life of Rugged, urethane-encapsulated,

fibre insulation. heat-treated steel cores. Unexcelled

performance.

Portec-Bond ® Insulated Portec Portable

Rail Joints Model 75 Heater
Up to 980,000 lb. adhesive shear Faster, lower-cost curing of any

strength, with half the labor required bonded joint... with instant

to install other joints. temperature read-out gauge. Unique!

Portec Fair Rail Anchors Portec Rail & Flange

More sq. in. of tie bearing area than LUDnC3t0rS
any other anchor. Installs faster, too. Reduce CQSt|y friction wear>

Overwhelming favorite of American
Railroads.

Make tracks with the leaderPORTEC inc.
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SWITCH HEATERS

Rail-Tel Gas Switch Heaters or

Electric Type with RAILSEAL®
Terminal. Automatic operation of all

types with Rails Co. Snow Detector.

Complete details on request.

AUTOMATIC SWITCH POINT LOCK

A safety device of rugged construc-

tion, simple in design. It is a

self-contained unit, automatic in

closing and locking operation.

jtjtAIUI

Better get the facts, now! Write, wire or phone for full literature

CO.

Maplewood, N. J. 07040 • St. Louis, Mo. 63101

Chicago, 111. 60604 • San Francisco, Calif. 94105
In Canada: The Holden Company, Ltd.
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TIE HANDLER from RTW...

with 24-foot-reach
articulatingboom!

Lifting capacity-1500 lbs. at 126" to

750 lbs. fully extended.
• New rotating deck design
...no adjustments needed

• Thermostatic controlled

oil temperature in

hydraulic circuit

• Low maintenance

• Hydrodynamic plus

mechanical brakes,

on all four wheels

Many other features for high production, low maintenance. Choice of two

other tubular-type booms (all interchangeable): Fixed 24-ft., and manually

adjustable 18-24-ft. From RTW, the people with the longest experience in

tie handling. Get full details today. Call (215) 739-4281.

,*-"-' "n. OTHER RTW MAINTENANCE EQUIPMENT • Switch Grinders • Cross Grinders • Surface Grinder! • Rail Orilli • Tie Handlers MEMBER

WHUUM RAILWAY TRACK-WORK CO. 2560 East Tioga St., Philadelphia, Pa. 19134. DDfmi Wm. ) Agents: Chicago—ESCO Equipment Service Co. Houston—Service Equipment ™™™f"
& Supply Company. Los Angeles—Simklns Company. Louisville—T. F. Going.
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TO HELPYOU
BUILDAND

MAINTAIN OUR
NATION'S

VITAL RAILWAYS
• Crushed slag • Crushed stone
• Sand and gravel • Industrial sand
• Ready mixed concrete • Bituminous concrete
• LinSlag Vv.OimiX (a bituminous paving mixture laid cold)

PRODUCTS PRODUCED TO MEETYOUR
ENGINEERING SPECIFICATIONS.
Fast, on-schedule deliveries and streamlined pro-

duction from more than 130 strategically located

plant facilities.

Call Joe Lynch

Vulcan Materials Company
ONE OFFICE PARK, BIRMINGHAM, ALABAMA 35223, TELEPHONE 205/879-0421
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SWITCH TAMPERS FOR ALL YOUR JOBS

UNIVERSAL UYT-2W75 YARD, SWITCH & SPOT TAMPER
This versatile tamper is a new addition to the

popular Plasser Universal line. Even though the
UYT 2W75 has a lower original cost, it is equipped
with two of the exclusive Plasser four-tool tamping

heads with individually tillable tamping arms,
which insures the tamping of every tie through
switches and turnouts without the use of outside
or ground jacks.

This Universal UYT 2W75 tamper is particularly

adaptable for yard work where it has proven itself

as a money saver. The reasonable price plus its

ability to do a fine job tamping switches and doing
spot work suggest yard assignment. It can be
equipped with automatic lifting and leveling equip-

ment as well as automatic lifting correction with
cross level indicator. You should see one of these
tampers in service and we will be pleased to make
the necessary arrangements for you to do so at

your convenience. You will be convinced that it is

a superior machine.

PLASSER AMERICAN CORPORATION

GENERAL OFFICES & PLANT
2001 MYERS ROAD

CHESAPEAKE, VIRGINIA 23324
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JfgJEWELD

Rail Maintenance Service

Rail End Welding
Rail End Hardening <?!M

MEMBER

CWR Joint Normalizing SSrr 1

Frog and Switch Welding

Rail Maintenance Equipment
Custom Manufacturing and Fabrication

Joint Bar Shims
Rail Anchor Shims
Rail End and Frog and Switch

Welding and Grinding Machines
CWR Heating and Cooling Equipment
Rail Flaw Testing Equipment
Telebrineller Portable Hardness Tester

Infra-Red Heater for Curing Adhesive Bonded Rati Joints

TELEWELD INC., 416 NORTH PARK ST., STREATOR, ILL. 61364

Write for details of the TELEWELD process for restoring rail ends.
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Luncheon Address

By J. BRUCE ADDINGTON

Vice President—Operations

Penn Central Transportation Company

I appreciate this chance to talk about our industry with some of the most

knowledgeable people around—namely members of die American Railway Engineer-

ing Association and guests.

I like to think of everyone here as a builder—by nature and by training. Most

of you have had a wide variety of experience in building, maintaining, and upgrad-

ing railroads—and you're doing the best possible job of it. But the biggest challenge

of all—for many of you—lies in the immediate future.

For very soon we are going to start one of the biggest upgrading jobs in the

history of American railroading—the reconstruction of a viable railroad system in

the Xortheast which can only come about by one heck-of-a-lot of improvements

in physical plant. And that's where a good many of you will come into the picture.

It's a big challenge—but one we're going to be able to meet, providing we have

the money.

Talk about money, of course, brings me to Penn Central.

It seems that every time I speak to railroad groups, we have a crisis. As a matter

of fact, since I came to Penn Central almost three years ago we've jumped from

one crisis to another, and most of them focus on money—or lack of it.

I take some small comfort in our situation when I think about the priest who

was trying to help one of his troubled parishioners.

"Why Mr. Kelly," the good priest said. "You shouldn't be bitter. You must be

thankful."

"Thankful!" exclaimed Kelly. "Just what have I to be thankful for, I ask you?

I can't even pay my bills."

The priest thought for a bit, then said brightly.

""Why, man alive, be tiiankful you aren't one of your creditors."

I'll say this about some clergymen. They have a way of looking at realities

and sidestepping the gloom. And that's what I'd like to do for a couple minutes

here in talking about Penn Central and die other railroads with money problems in

the Xortheast.

First off. I'm not a fortune teller and I don't pretend to be. But I and every-

one in this room know that a great part of the service Penn Central and five odier

bankrupt Eastern railroads provide is indispensable—and that service isn't going

to simply disappear in a wisp of bankruptcy smoke.

Secondly, and most important, Congress and the Administration fully realize

how important the service of these bankrupt railroads in the Northeast is to the

nation. Right now legislation to keep these railroads operating under a newly-created
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entity is being fashioned and finalized. I'm sure it will be enacted and that will be a

first step toward creating a new railroad system—or systems—in the Northeast.

In regard to that legislation, I think it's worth mentioning that we feel it does

come up short in at least one specific area—i.e., interim financing between now and

the time a new corporate entity is formed to take over Northeast railroad operations.

It's estimated that that time period will be between one year and probably 18 months

or longer.

Our deteriorating cash position and our financial projections lead us to believe

that we're going to need some $210 million over and above the $85 million men-

tioned in the legislation presently drafted minimally to maintain our railroad plant

and equipment fleet to meet shipper needs over the next 18 months. Almost three-

fourths of that $210 million are slated for plant maintenance, alone.

Our trustees have already stated these needs to Secretary of Transportation

Brinegar, and we hope that he and Congress will give them due consideration in

the final framing of the legislation.

Of great interest to everyone, I suspect, is exacdy how big that railroad sys-

tem—or systems—will be and what parts of which railroads among the bankrupt lines

will be retained.

That's not the kind of speculation I'm about to embark on. But I do know this.

We're going to have to do some mighty fast footwork in upgrading these railroads

—

both for safe operations under new Federal Railroad Administration standards, and

to regain our competitive stance in the Northeast vs. other modes of transportation.

We've already made a beginning toward these goals on the Penn Central. But

the major problem we've faced since the start of our reorganization some 40 months

ago is that although we've made progress, we've had to pay for the sins of the past.

And one of the biggest sins we've had to cope with is an inadequate plant.

Let me be blunt. Penn Central's predecessors—the Pennsylvania, the New York

Central, and the New Haven—let their respective problems get out of hand on a

growing scale over almost two decades.

There's no sense in casting blame all over the place, but one thing is for sure.

The predecessor railroads of the Penn Central just didn't have the money to cope

with the problem.

In great part, the cash crunches on those railroads were caused by Federal

government policy at the time. For Federal and state governments were financing

the construction—and maintenance—of an interstate highway system which in great

part paralleled existing railroad lines, particularly in the Northeast. At the same

time and on a growing scale the chief beneficiaries of this benevolence—the truck-

ers—were systematically capturing highly lucrative traffic being carried by rail

right out from under our noses.

This government policy, of course, cost the railroads huge amounts of revenues.

Those revenues, I'm sure, would have been used for continuing to maintain and

upgrade our rights-of-way. But the revenues weren't there, and instead we have our

present deteriorating plant problems. It has been—and continues to be—a vicious

cycle.

In September 1970, when Bill Moore was named president of Penn Central,

he and our trustees recognized the inadequacy of the physical plant and set out

to do something about it. Some of our efforts are worth noting. These include expan-

sion of Selkirk Yard, the upgrading of a good north-south route, and many cen-

tralized traffic control projects.
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Since reorganization got underway, Penn Central has installed almost two mil-

lion crossties annually. This is 501? more ties per year than the three predecessor

railroads combined installed during the 12 years prior to bankruptcy.

This was accomplished in the face of several difficult barriers:

• First, our continuing shortage of cash for capital improvements.

• Second, the recent severe shortage of crossties. For instance, this year we
could install 300,000 more—but they're just not available from suppliers.

• Third, and finally, the fact that the price of crossties has spiraled in just

the past three years—going up by almost 25% in just the past 18 months.

Our efforts—though great—have not even made a dent in our crosstie prob-

lem. Just last week at a hearing before the Federal Railroad Administration in

Washington on Penn Central's plea to have it exempted from new FRA track

standards, our people testified that we should be installing 3.9 million ties annually

for the next four to five years totally to rehabilitate our railroad, and thereafter

2.2 million ties per year to maintain it at that level.

The problem, as you can see, is overwhelming.

Several other factors in our maintenance-of-way operations are of interest, for

they show how much we have accomplished despite our obvious limitations.

Because we have had to reduce expenses on all fronts, we now have about

8,400 employees making up our maintenance-of-way force—down from 12,000 some
three years ago.

Even with almost a one-third cut in our M of W force, we were able to install

many more units of material.

A combination of management streamlining of our maintenance operations and

maximum utilization of modern equipment has helped us in this regard, despite the

fact that our expenditure for maintenance equipment was only $3.5 million from

1970-1972. much less than we should be spending. But again, we come back to

money. It's simply not there.

To show the depth of our quandary, in early September we had to arrange to

acquire by lease nine switch tampers and 31 track smoothers. Leasing is the

only method we can use to acquire such equipment because of our financial prob-

lems. But the equipment was needed, so we paid the price.

Our traumatic financial difficulties have hurt us on still another front—our

capital improvement programs.

Today's Northeast railroads are the product of mergers, acquisitions and con-

solidations. The system as it exists cannot serve the public and industry efficiently

or economically. It is much like the road network prior to construction of the

interstate highway system.

The physical plant, even if it were in perfect condition, is obsolete and

redundant and is incapable of providing fast, low-cost rail transportation. It must

be streamhned or rationalized, and then reconstructed to provide the type of service

industry needs and railroads are capable of furnishing.

We've taken steps in that direction already on the Penn Central.

We recognized plant inadequacies and constructed modern classification yard

facilities such as those at the key gateways at Selkirk, N. Y.; Elkhart and In-

dianapolis, Ind.; Columbus and Youngstown, Ohio, and Pittsburgh. They are

capable of maintaining the existing flow of freight through these metropolitan areas.

They stand out in contrast with our vast outmoded railroad complexes in the Jersey
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meadow areas serving New York City and northern New Jersey, as well as our

equally inadequate facilities serving the Boston, New Haven, Philadelphia, Harris-

burg, Cleveland, Detroit, Chicago and Cincinnati areas.

The legislative package I talked about earlier provides for substantial funds

to modernize the Northeast railroad system—perhaps as much as $2 billion. I'm sure

that this Federal funding will give us the financial tools with which to replace many

of the antiquated facilities I've noted.

I'm also sure that a number of the engineers here are going to play significant

roles in the design and construction of necessary adequate new facilities.

The Northeast quadrant of the United States has the greatest density of people

in the nation, as well as the heaviest concentration of industry. This area can and

should be served by the most complete transportation system possible, with those

modes best suited to specific tasks handling them. This is the only way an ideal

transportation system can be built.

Railroad transportation—both passenger and freight—will continue to bear its

fair share of the load only if the existing inadequate, overlapping, cumbersome and

obsolete rail network is replaced with a modern streamlined system.

The designers and builders in this room are going to be faced with enormous

but fascinating challenges in the years ahead. I have a feeling that many of you

have been waiting eagerly for the opportunities those challenges present.

Cross Ties—Where Do We Go from Here?

By G. H. WAY

Assistant to Vice President

Research and Test Department, Association of American Railroads

The longer I spend in this industry, the more I come to realize that our prob-

lems never really change. Their specifics and details may differ, but in basic concept

today's problems bear remarkably similar resemblance to yesterday's.

I think that one of the first times that I realized tins was at the AREA con-

vention in Chicago in 1961. The featured speaker at the annual luncheon was
Harry C. Murphy, then the president of the Chicago, Burlington & Quincy Rail-

road. Mr. Murphy went to some lengths describing some timely railroad problems

and outlining remedies for them. He was quoting from a transportation study pre-

pared by the Brookings Institution in 1933. Former President Calvin Coolidge was
in charge of that study and I remember being startled by how little things had
changed during the previous 28 years. Twelve more years have now passed and
that 1933 study is still timely in many ways.

Probably an even more dramatic example of the timelessness of railroad prob-

lems can be shown by the following quote from Wellington's classic treatise on the

"Economic Theory of Railway Location."

".
. . the distorted pre-eminence given by railroad engineers and those who

teach them and employ them, to the pettiest details of how to build the

separate works which make a railway to the neglect of the larger questions

of where to build and when to build and whether to build them at all has

in it something at once astounding and discouraging."

Surely this thought of 1887 is applicable to the problems of 1973. The failure of

Wellington's contemporaries to heed his advice has contributed to many of our
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current difficulties. In like manner his warning is appropriate to today's decisions.
Do we indeed answer as fully the questions of where, when or should we build
at all as we do the questions of design?

So what has this got to do with cross ties? I'm told we have a cross tie prob-
lem—maybe even a crisis. Prices are high and climbing rapidly. And while we're
paying more than we ever have before we still are having difficulty in securing ties
in the quantities we want, much less the quantities we need. We, in the Research
Department of AAR, are being approached from many quarters with the question,
"If we can't get enough timber even at prices we feel we cannot afford what other
material can we use?" But this isn't a new problem. Only its details differ from
our problems of the past.

In the late 1820's and early 1830's our first railroads were just starting to get
organized and a question often asked was, "How should they be built?"

Some of the early builders such as Jonatiian Knight of die Baltimore & Ohio
and Robert Stevens of Camden & Amboy traveled to England to learn what they
could from the Stockton & Darlington and the Liverpool & Manchester Railways.
Apparently those lines employed stone blocks as sleepers supporting wrought iron
rail, because both the B & O and Camden & Amboy started out utilizing a good
deal of this type track construction. I can easily imagine Jonathan Knight saying
back in 1831, "Sleepers, where do we go from here?" For at that time this pioneer
railroad engineer was employing five different types of track construction. The line
from Baltimore west to the Patapsco River (7% miles) was laid with wooden sleepers
and wooden stringers to which an iron strap was attached. From the Patapsco to
Ellicots Mills the track consisted of granite blocks about 14 inches square serving
as sleepers and the same composite rail of wooden stringers and iron straps. Between
Ellicots Mills and Frederick and the Potomac River at Point of Rocks three other
types and variations of track construction were tried including one surprisingly of
wooden sleepers supported in broken stone. The stone blocks seemed to be preferred
at the time, but the wooden sleepers were less expensive and Jonathan Knight rec-
ommended to President Thomas that wooden sleepers be used temporarily until the
roadbed was consolidated.

At this same time Robert Stevens, die son of Colonel John Stevens, was busy
building the Camden & Amboy from South Amboy, New Jersey southwest to Cam-
den. Robert Stevens had invented the "T" rail on his way to England in late 1830
to buy a locomotive, the John Bull (now at the Smithsonian) from the now famous
Robert Stephenson and also some iron rail. He had trouble finding a mill to roll the
rail. But; after putting up bond against possible damage to die mill's machinery,
Stevens succeeded in having his "T" rail rolled at a large mill in Dowlais, Wales!
The rail were shipped on March 3, 1831, from Cardiff and arrived here in Philadel-
phia on May 16, 1831. This 36-lb rail was supported on stone blocks spaced 3 to
4 ft apart as opposed to B & O practice of laying the blocks diagonally with their
corners in contact. The stone blocks were supplied by Sing Sing prison.

In December 1832, Stevens' line was almost complete from Soutii Amboy to
Bordentown on the east bank of the Delaware. Stevens was anxious to complete the
line to Bordentown before winter stopped construction, but he had a problem. Sing
Sing was slow in delivering the stone blocks. Stevens faced a supply shortage of
sleepers. Maybe he too said, "Sleepers, where do we go from here?" As a temporary
measure he adopted the practice of spiking his "T" rail directly to timber logs laid
cross-wise to the track and sleepers became cross-ties, at least in this country.
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So what is new? Here we are 142 years and just 35 miles from Stevens' Borden-

town decision and we face a very similar question. Where do we go from here

with respect to the engineering question of how to support rails. Let us look at

the alternatives.

Conventional Timber Ties

Conventional solid timber cross ties have served our industry well for over

100 years. They offer several significant advantages. They have been plentiful and

relatively inexpensive and in addition offer excellent characteristics of resilience,

toughness and strength. In other words they are well suited to the use to which

we have put them. Unfortunately, the cost of timber ties has escalated rather more

sharply in recent years than has the price of other materials used by railways. And
even at the higher prices there are cases where they have been reported unavailable.

I do not consider myself sufficiently expert to analyze the complex economic and

institutional problems and forces which have led to this situation. However, I have

been assured, by those who should know, that there is no single cause and that a

shortage of standing trees is certainly not to blame.

It has been stated by Dr. Dwight Hare of the U. S. Forest Service that current

domestic growth rate of hardwood timber exceeds the rate at which it is being cut.

Why then are there shortages and rapid price inflation? Among the many reasons

are these:

1. The high timber growth rates referred to include species and sizes of

trees not suitable for railroad cross tie production.

2. There is tremendous competition for the hardwood timber which is cut,

especially from pallet manufacturers, furniture manufacturers, and paper

producers.

3. The production of small family owned and operated saw mills on which

the railroad industry has relied heavily is not economically efficient and

is consequently slowly disappearing in favor of large integrated saw mill

operations which are able to produce a greater percentage yield from

forest harvests and direct the right logs and portions of them into the

right products.

4. These plants require large capital investments which are reflected in the

price of their products.

5. Environmental concerns and OSHA regulations tend to drive producers

making marginal profits out of the business. It makes better sense for

these people to quit than to spend additional capital for the improvements

required if they were to continue in business.

6. Lastly, even with modern facilities and equipment, logging requires a good

deal of labor, and labor is not only scarce but is increasingly expensive.

Considering all these factors I feel that the present crisis in solid timber cross

tie supply and demand is temporary or local only in its degree of severity. Even if

it is temporary, it is none the less real; why else would so many tie suppliers and

purchasing agents be traveling to Central and South American and Asian countries

in search of suitable import timber. My own opinion is that such so-called tem-

porary supply and demand squeezes really reflect significant changes in economics

and that they are therefore chronic and will continue to occur and with increasing
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frequency. In view of this it is folly for the railroad industry not to explore possible

sources of relief. On the other hand, I would not expect that any of the possible

alternatives would render domestically produced solid timber cross ties extinct. There

is a good deal of room in some 330,000 miles of track for a wide variety of types

of cross ties and a good deal of these will be domestic hardwood. At the same
time, the days in which domestic solid timber cross ties enjoy a virtual monopoly in

American railroad tracks are close to being over. They will in the future spar with

a host of alternatives for the market.

Non-Conventional Timber Ties

The first logical place to look for alternatives to solid timber cross ties is to

timber ties of non-conventional design. The attempt here is to produce ties that

exploit the advantages of timber and at the same time utilize : ( 1 ) timber species

and sizes not otherwise ordinarily usable for ties, (2) waste wood fiber material

and (3) an increased percentage of the timber cut.

In Madison, Wisconsin at the U. S. Department of Agriculture's Forest Prod-

ucts Laboratory a group of scientists and engineers are dedicated to doing these

very things. One of the group's primary interests is in increasing the yield of forest

harvests through use of a process called pressure lamination. In press-lam whole logs

are sliced into veener strips % to % inch thick, the strips are in turn dried and glued

into engineered laminated thicknesses. These can be cut into any desired shape

such as bridge stringers or cross ties. The primary advantage of diis process is that

it can increase useful yield from about 45% to some 65% of the cubic feet of cut

timber. In addition the treatability is substantially increased. These tilings come at

additional cost in manufacturing and at a large capital expense.

Another intriguing development being progressed at Madison is laminated

particleboard. The concept owes its inception to environmental concern over smaller

limbs and other material ordinarily left on the forest floor after timbering. The

laboratory has been working on ways to utilize the fiber content of this waste

material by converting it into particles and gluing these together to form particle

boards approximately /& inch thick. These may then be laminated into any desired

thickness.

Committee 3 of the AREA suggested and the Research and Test Department

of AAR has encouraged the Forest Products Laboratory to look into converting used

cross tie material into particle board. The first concern was that residual creosote

would reduce the effective bond between the wood fibers and the adhesives used.

In laboratory tests, however, the reconstituted cross tie fiber including creosote

exhibited bond characteristics as good as or better than virgin oak fiber. Holding

power of spikes was superior to solid timber. Three factors, however, must be over-

come before laminated particleboard ties can be a seriously considered alternative

to conventional timber ties:

1. The first is the low modulus of rupture exhibited by the laboratory material.

We have suggested that instead of horizontal lamination that vertical

lamination be explored to increase the flexure strength.

2. So far, water absorption causing swelling is too high and might affect the

surface of track which used the laminates intermingled with existing

standard ties.

3. The manufacturing cost is high. I feel certain that this problem is subject

to solution with additional engineering development effort.
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During the past several weeks I have been talking to representatives of the

supply industry, the railroad industry and the Federal Government with the goal

of increasing the level of effort now being expended toward overcoming these diffi-

culties. It appears that we do have the kind of producer-user-investigator interest

to mount a useful government-industry attack on the problems of producing an

economically attractive reconstituted wood cross tie.

Steel

Alternatives to solid timber cross ties do not have to rely on the same basic

raw material. In fact, world-wide, heavy reliance has been placed on steel as a

cross tie material. In the world wide market ICG's Allen Sams reported at the recent

Railway Tie Association conference that steel is used for 10% of the total tie market.

Steel has been used as a cross tie material with considerable success in Africa

and in Switzerland. Steel ties can be manufactured relatively easily to offer more

than sufficient strength and excellent uniformity of gage. Furthermore, steel ties

can be shaped to trap ballast so they can offer excellent retention of tamping. Lastly,

when they must be replaced their scrap value is high. Because of inflation, the Swiss

railways figure that their scrap steel ties realize a price on replacement that exceeds

their original cost.

On the negative side, first and most significant is original cost. Earlier this year

in cooperation with some of our friends in the steel industry we estimated a price

of somewhere between $28 and $32 per steel tie manufactured in the U. S. Before

you laugh this off as preposterous, consider several things. The steel tie requires no

tie plates, its fasteners can serve as anchors and its spacing can exceed common
timber ties. The other primary disadvantage to steel ties is their requirement for

insulation, if they are to be used in signalized trackage. While these are serious

limitations, they are not insurmountable. If steel prices escalate less slowly than

those of timber, and I feel they will, the time is not far off that steel will be a

serious competitor, especially in non-signaled track.

Prestressed Concrete Ties

The North American railroad industry's experience with concrete cross ties to

date has been poor. As a consequence some railway engineers are more than ready

to condemn the use of prestressed concrete for this application and look to other

alternatives. To the contrary, I feel that it is our obligation to examine carefully

the causes of the failure of the 1960's to determine their real nature and develop

the true costs of correcting the deficiencies which led to failure.

The AREA's Special Committee on Concrete Ties has conducted such an

investigation. What has been found has been intriguing even if a little embarrassing

to all of us: producers, users and designers. The committee has found that concrete

cross ties of 1960 design were simply inadequate for the use to which they were

exposed. Their inadequacy came in part from a lack of knowledge but even more
so, I believe, as a consequence of attempting to engineer within the constraints of

marketability. In other words, the price of timber dictated the performance of those

designs rather than the performance of timber. But, prestressed concrete is an engi-

neered material, not one God given. It can be designed and produced to meet
specific requirements—the only question is: can the industry afford such a product.

The producers and designers are getting a little smarter these days—as are we the

users. The trend is to design and produce a product that will work and then see

if its total cost is competitive.
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Let's look at a few failures in an attempt to see where the mistakes were made.

Rail seat cracking is probably the most common failure of early tie designs.

It is a result of:

• underestimation of rail loads

• improper estimation of ballast support

• inadequate bond transfer of prestress to the concrete

Center cracking—A second failing of many ties is a result of, again:

• underestimation of rail tie loads

• improper estimation of ballast support

Torsion cracking—as a result of improper manufacturing in which the rail

seats are out of plane. Under load the tie twists and fails.

Fastener failure—Early fasteners relied heavily on threaded components sub-

ject to corrosion and demanding of extensive maintenance. In addition these fasteners

restrained lateral loads by transferring the loads to shoulders in the concrete. Often

the unit stresses were in excess of the concrete strength.

The AREA Special Committee looked on each of these kinds of failures, not

as reasons for dispairing of the use of concrete for cross ties, but rather as an oppor-

tunity for improved performance specifications. The specification, which appears in

the September-October 1973 AREA Rulletin, does not attempt to design a suitable

concrete tie—that was always a temptation difficult at times to resist. Each tie

designer and producer is free to innovate. He can design and produce as he pleases

so long as his finished product can exhibit the various strengths required.

The committee realized from the outset that the conditions under which ties

are used have considerable bearing on their required level of performance and

attempted in several ways to make the specification sufficiently flexible to permit

a variety of designs. It was not, however, until recently that the tremendous level

of interaction between ballast and ties was identified.

The specification now includes a specification for ballast to be used with

concrete ties. The committee realizes the inadequacy of the section on ballast and

hopes that current research studies will shed more light in this area and permit a

more detailed specification in the future. However, it felt that ballast/tie interaction

was so important that some attention had to be directed to the issue at this time.

Suffice it to say for now that in high-grade ballast and well compacted subgrade

that ties not meeting the specification could give excellent service.

Ties which do meet the required specification can be expected to perform under

less ideal conditions.

Early in November, an installation of two differing concrete tie designs both

of which appear to meet the new specification will be made not far from Richmond,

Virginia in heavy traffic territory. One design produced by Costain Concrete is

known as the CC 244 and will include Pandrol fastenings. The other produced by

Santa Fe-Pomeroy and called the RT 7s will incorporate Tempered Spring CS-5

fastenings. This installation, the Canadian National's much more extensive installa-

tions, along with the FRA's tests on the Alaskan railroad should shed a good deal

of light on whether the latest generation of prestressed ties are a realistic alternative

to solid timber.
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Plastics

A brief word about plastics. They are expensive and since plastics are usually

a derivative of petro-chemicals it appears that they will remain expensive. That

doesn't mean we won't continue to investigate them but don't expect too much from

this quarter for awhile. Probably the most likely application of plastics to cross ties

would be in rehabilitation of spike-killed timber ties through epoxy impregnation.

Conclusion

Some of us at the Washington office of AAR have been giving a lot of thought

of late to the general question of the future of railroad research and development.

This led us to even the more general question of the future of the railroad industry.

What will it be like 10, 15, 20 years from now.

In considering the many forces at work now and trying to anticipate the direc-

tions that new ones will take we reached several conclusions.

• Concern for environment is not a passing fancy.

• The energy crunch is going to continue and probably get worse.

• Efficiency of land usage will become a matter of great concern.

• The demand for transportation will expand.

As a result we feel that the demand for railroad transportation will increase

dramatically, especially if the railroads will adjust to exploit specialized kinds of

markets with new specialized kinds of service. We don't see a rapid contraction of

physical plant. In fact it will probably expand. While the ratio of main lines to

branch lines will probably shift, the total miles of track will remain fairly constant

or increase. The need for cross ties of all types will, I think, increase as we gear up

for the greater utilization we must achieve if we are to meet the increased demand
for economic, clean, least environmentally damaging transportation.

PROGRAMMABLE CALCULATORS IN RAILWAY
ENGINEERING

Introduction to Programmable Calculators

By ALBERT D. M. LEWIS

Associate Professor of Structural Engineering, Purdue University

In the years just before World War II, the Marchant, Friden, and Monroe

mechanical calculators appeared to be the ultimate in computational devices. There

began in the World War II years the development of equipment called computers

which would perform automatically and with great speed long and complicated com-

putations. Since that time we have seen continuing and rapid development of

computers.

Two terms often used in discussing computers are "microseconds" and "mega-

bucks." With megabuck costs separate organizational departments seem to grow

around computers. Engineers, in attempting to use computers in their work, en-
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counter many hurdles such as physical separation from the computer and delays

in job processing. For such reasons the use of a computer may be found practical

only for the more complicated jobs such as the analysis of highly redundant

structures.

Time-sharing systems have been developed to make computers more readily

available to engineers. However, these may not be completely satisfactory for many

applications because of the time and effort required to gain access to a comprehensive

and flexible system. These systems are usually most useful when several people need

access to the same constantly changing information.

During the past few years advances in computer technology, particularly the

large-scale integration of circuitry, have made possible the development of compact

and reliable special-purpose computers. The programmable calculator is one example

of a special-purpose computer. These devices far surpass the mechanical calculators

in speed and convenience and often have trigonometric, exponential, logarithmic, and

other functions available. In addition, there is the capability for using programs

provided either by the manufacturer or developed by the user for performing auto-

matically long and complicated calculations. Printed output, including alphabetic

information for identifying answers, usually is an option. At prices of $2,000 or $3,000

to $10,000 or more, depending on requirements for plotters, auxiliary storage, and

other devices, these can be made readily available to engineers.

The other two speakers for this segment of the program will describe some

applications of programmable calculators in the railroad industry.

Use of Programmable Calculators on the Southern Railway

By C. H. NEWLIN

Assistant to Chief Engineer of Bridges, Southern Railway System

In Southern's Atlanta offices there are two sets of Wang 700 series program-

mable calculators with typewriters. I shall confine my remarks to a description of a

few of the programs on our Bridge Department outfit which consists of a model

700B calculator and a model 701 typewriter. The calculator has the smallest capacity

of all the 700 series but it does have 5-Ievel subroutine capacity which we use

frequently. The typewriter cannot talk to the calculator or do plotting. It writes 12

characters per inch on a maximum width of 13 inches.

Fig. 1 is a print-out from a girder rating program. This is for two sections of

an actual span except that I told the machine that the ties rest on the top flange of

this through girder span in order that certain parts of the program would operate.

The primary object of this program is ratings in accordance with current AREA
rating rules for open-deck, single-track, tiirough or deck riveted girder spans without

side plates or shelf angles and with a lateral bracing system. End details and web

splices are not covered but flange stresses, web shear and rivet shear are. Rivet shear

seldom governs except when cover plates have been added or the span shortened;

however, only a few extra items of data are required and the result is a complete

rating.

Since the printout is to be a part of the permanent records of the structure,

we want all input with identification written out so that later there will be no doubt

as to what data we did enter.
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RATING RIVETED GIRDER NO SIDE PLATES OR SHELF ANGLES
IMPACT FOR EQUIPMENT WITHOUT HAMMER BLOW: OPEN DECK BRIDGE

span (ft) 60.00 c-c of gdrs (ft) 16.50
b-b angles 72.50 web; ht 72.00 tkns

top fig angles; os leg 6.00 vt leg 6.00
bot fig angles; os leg 6.00 vt leg 6.00

no. gdrs/rall 1.0
.375 riv diam .875

tkns .750
tkns . 750

top/rail above back/top angles -30.50 deg of curve 3.000
max speed in raph 45 nosing force, % of an axle load 12.50
fraction of lateral forces to bot laterals 1.00 wind on train; K/ft .200
long force; % of live load 10.00 bearing fixity .5

back/bot angles to sliding surface or pin 2.00
distrib of wheel load on top fig (ft) (0- no load) 3.0 dead load/ft/gdr .530
matl; YP 30.000 ft 24.000 v web 18.000 v riv 20.000
impact; 45mph 36.917 60mph 39.311 40mph 35.055 30mph 29.735

20mph 22.287 lOraph 12.711

dis to section (ft) 24.50 panel lgth (ft) 12.00 dis to panel (ft) 24.00
track eccentr 2.00 track superelev .500 lgth of unsup top fig 144.00
cov pis - top; wdth 14.00 tkns 2.000 bot; wdth 14.00 tkns 2.000
riv spa; top cov 6.000 top flg-web 6.000 bot flg-web 6.000 bot cov 6.000
holes; top cov 1.000 top flg-web 1.000 bot flg-web 1.000 bot cov 1.000
dis b/angles to flg-web holes; top 2.50 bot 2.50
web holes - A 3.75 e .00 I 343.75
A 116.750 e .00
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The program allows a maximum of freedom of choice where that docs not

result in more items of input data in order that some other spans can be rated and

so design ratings can be made. For example, wind on the train may be varied from

full rating wind of 200 lb/ft to 100 lb/ft under certain conditions. Wind under

design specifications is zero at normal stress and 300 lb/ft for 25% increased stresses.

This program simply asks the operator to enter the amount. Wind on the girder per

square foot is computed proportional to wind on the train.

Loads and forces considered are dead load, live load, impact, centrifugal force,

wind, nosing, longitudinal force and live load on the top flange. Eccentricity of track

is provided for. There may be multiple girders provided they are located and con-

nected so that they share equally in resisting botii vertical and horizontal forces.

Flange material is specified by its yield point and allowable tensile stress so

we have unlimited choice here. The allowable compressive stress is computed. The
allowable web shear is entered for several reasons including the fact that web mate-

rial may be different than the flange material. Allowable rivet shear is not related to

the other stresses.

The program may be considered to have four parts. In the first that data which

seldom varies from section to section of the girder is entered. This part of the pro-

gram can be by-passed for rating sections after the first one. The rest of the data is

entered in the second part. The third part is secondary output. In this case, it is

data generated which would be useful in determining whether strengthening is prac-

tical and in designing the reinforcement. The fourth part is the primary output of

ratings which are given for the maximum speed specified and for 30, 20 & 10 mph.

We don't have time to go into the reasons for the four sets of values. The first line

is the top flange rating, second the bottom flange rating, the third the least of the

five possible shear ratings with live load on the top flange neglected, and the fourth

the rating for the flange-to-web rivets with the vertical load included. This last rating

prints only when live load on the top flange is specified.

For another section or anodier span we need to enter only those items which

change. For other items just press GO. I have underlined the six items I entered for

this section.

To complete the rating for this particular span we would need to consider two

more sections, one at the end of another cover plate and one at the end of the span.

Fig. 2 is a print-out of a program to make detailed cost estimates for steel open-

deck trestles built according to a rather broad standard. The program fills in the

blanks on a form to reduce the running time. The tab ability of the typewriter alone

saves about 4 minutes.

Although the calculator has only 121 registers for data answers and program,

this program includes 97 items of prices, quantities and distribution factors. The

values on the tape are the most common values but for practically every job some

will need to be changed. To change an item, enter its code number, press a button,

enter the new value, press GO. Revising the tape is nearly that easy.

Additional items can be added to accounts 3, 6 and 208 for special conditions.

Our authority forms require that the costs be divided between company labor,

material and other costs. The figure on this print-out plus three obtained by sub-

traction plus value of salvage are all the value our department enters on the authority

forms.

The individual items are broken down to assist the engineer in his control of

project costs during construction.
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EARTH PRESSURE ON RETAINING WALL WITH HEEL
COHESIONLESS SOIL
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Fig. 4 is a program to work out the detailed layout of the head end of a classi-

fication yard. A similar program could be written for industry or other tracks.

Starting with an initial alinement and point, the deflection angle and degree of

curve are entered, then the distance to the next point and repeating until the last

one. At this point we enter the location of the classification track we want to connect

to. The calculator figures the distance. The print-out is the length of line, its aline-

ment, the coordinate location of the end of that line, the track stations of the PC,

PI & PT, the angles and the complete curve data.

Programmable Calculators as Part of a Total Hardware System

By H. L. CHAMBERLAIN

Sverdrup & Parcel and Associates

Mr. Newlin's preceding presentation serves very well to illustrate the scope of

application as well as the power and flexibility of the programmable calculator.

Being a compact, problem-oriented machine, it is ideally suited to solution of the

recurring problems which, while perhaps not technically difficult, do require a large

number of detailed arithmetic calculations.

An important feature of these machines is that of program storage. Once a

program has been prepared to solve a given problem, the program may be stored

on a magnetic card or tape cassette and reloaded for use as many times as desired,

only requiring the input of data for the program to process automatically. It should

be noted also that the later models are capable of driving peripheral devices such

as typewriter or plotter.

For this part of the program I would like to discuss the programmable calcu-

lator as part of a system—what we might refer to as a hardware system. The pro-

grammable calculator serves to bridge a computation gap lying roughly between

a slide rule and a computer. As a matter of fact it is becoming increasingly difficult

to differentiate between a programmable calculator and what we might ordinarily

refer to as a computer. The mini-computers which have recently arrived on the

scene steadily shrink in size and the programmable calculators steadily increase in

power, some of the recent models now incorporating high-level languages such as

BASIC.

In essence the programmable calculator is a small, compact electronic computer

which the user addresses directly through the keyboard in the language of the

machine's particular circuitry. All of the current models provide direct aritiimetic

and trigonometric functions, their inverse, and automatic generation of constants

such as pi and e. The savings in engineering time are considerable.

To illustrate the role of a programmable calculator as a part of a total hard-

ware system I will very briefly describe its function in the bridge departments of

the Penn Central and Missouri Pacific Railroads and outline the general areas of

use to which it is either assigned or in which it has proved most valuable.

The Penn Central utilizes an Olivetti-Underwood Programma 101. This was

acquired some eight or nine years ago by the then Pennsylvania Railroad for bridge

department use in updating bridge ratings on the basis of field inspection reports.

The Programma 101 is what we might refer to as a first generation machine and

by today's standards it is slow and of limited programming capacity. It is, however,

still adequately fulfilling its original function. The programs which have been devel-
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oped consist primarily of those required for determination of section properties,

determination of critical section moduli of reduced sections, determination of mo-

ments and shears at critical sections at any point on a simply supported member
and the Cooper load rating of the member in terms of developed stress vs. allowable

speed. The manufacturer of the Programma 101 has available a good library of

surveying programs and occasionally the machine is used for reducing field notes,

closing traverses, checking clearances, etc.

With the formation of the Penn Central Transportation Company the New York

Central's I.B.M. 1130 was available to the merged engineering departments, form-

ing the last link in a uniquely interfaced hardware system. With a programmable

calculator, a small engineering computer and, ultimately, the power of the big com-

puters the Penn Central's engineering department possesses a complete spectrum to

meet its engineering needs. The programmable calculator fills an important part of

the hardware system.

On the Missouri Pacific Railroad the application of a programmable calcu-

later was somewhat different to meet different requirements in a different en-

vironment. Until recently MoPac utilized time sharing with McDonnell Auto-

mation to fill its engineering needs. The gap between a slide rule and this sort of

power is a wide one indeed and to at least partially fill this gap a Wang Labora-

tories Model 600-14 was acquired. This is a medium programmable calculator

which is capable of handling much of the problem-oriented work which is done by

Penn Central's I.B.M. 1130. The Wang 600 is already filling many of the functions

which were provided through time sharing with McDonnell Automation and it

presently seems likely that time sharing will be phased out entirely as a program

library is built up for the programmable calculator.

It should be noted that the application of the Wang 600 is much more broad

in scope than that of the Programma 101 on the Penn Central. This is due pri-

marily to the vastly increased power and flexibility of a modern machine but also

because of different requirements in MoPac's bridge department. In addition to the

usual section properties and rating programs, there are provided programs for eleva-

tions at selected points on vertical curves and adjacent tangents, maximum moments

and shears for continuous beams by moment distribution and a valuable program

for computing moving load offsets past a fixed obstruction on a horizontal curve.

Other programs are being prepared for design of concrete drilled shafts, heavy

car rating for selected span lengths and to construct load files for common wheel

configurations. Doubtless there will be continued development.

In closing there is one more thing which should be mentioned. The program-

mable calculator relieves the engineer or designer of the sheer drudgery of detail

calculation and greatly reduces the chances for error. As an example, the determina-

tion of section properties for a built-up section can be, and is, utter boredom when

done by hand. It is interesting to note that on six railroads with which I am
familiar and which have programmable calculators the first program designed was

to handle determination of section properties.



The Wood Cross Tie—Yesterday, Today and Tomorrow

By H. R JEKEL

Vice President, Moss-American, Inc.

Shortly after the Stourbridge Lion "roared" down a stretch of the Delaware &

Hudson just out of Albany, New York back in 1829, the wood cross tie came into

being, much in shape as we know it today.

Some numbers relating to cross tie usage in the United States may be of inter-

est. In 1900, with the railroad plant as we know it today completed for all practical

purposes, cross ties were being inserted at the rate of approximately 100,000,000 per

year. These were virtually all untreated and, for the most part, of the durable

species such as white oak, chestnut, long-leaf pine and the like. Mostly hewn, I

might add. The American Wood-Preservers' Association was founded in 1904,

made up almost 100% of plants serving the railroads, and it might even then have

been assumed that treated ties would be the ties of the future. Even so, according

to cross tie renewal statistics used by M. H. Dick, then western editor of Railway

Age, in an article in the Cross Tie Bulletin for January 1954, insertions as late as

1920 were still of the magnitude of 87,000,000, and still largely untreated. An

interesting aspect of this insertions picture is that even in the depths of the Depres-

sion, ties were being put in at a rate of 37,000,000 in 1933 and 47,000,000 in

1937. These numbers were to stay at approximately 47,000,000 during the war

years, when all or most of the railroads were in an excess profits situation, and

then fall sharply and steadily year by year to 12,000,000 in 1961. Insertions are

back up to 20,000,000-plus now, and will probably go to and hold at 30,000,000,

when and if the ties are available. So much for numbers. Suffice it to say that

most of us in modern-day tie production, treatment and marketing find the prospect

of a 100,000,000 tie year, or even a 50,000,000 year, totally mind-boggling.

In the meantime, back at the mill. As mentioned, in the beginning virtually

all ties were hewn, and this held until 1920, or even a bit later. It was common
practice to put a crew of tie hackers into a timber tract every ten years or so.

Somewhere along the line, the steam engine was hitched up to a circular saw, and

mechanization in the tie-producing business was on its way. For most of us, it is

hard to remember when there were no chain saws and trucks in the woods, and

no fork-lift trucks at the sawmills and concentration yards. But these wonderful

time and labor-saving devices are strictly post-World War II phenomena. And with

labor migrated to the cities, to the small town pants factory and to the rocking

chair, it is hard to envisage tie production without the mechanical truck loader,

skidder, etc., etc., etc. Most of you know better than I the importance of this

on-going mechanization.

The wood preserving industry did another thing for the tie producer. By
extending the life of all ties manyfold, wood preservation opened the acceptable

species list to a large number of species which had not been previously acceptable

because of their extremely short service life expectancy. Gum, maple, beech, and

elm are among these, just to mention a few. And by adding so many years to the

service life of ties, wood preservation has also stretched out the availability of our

timber supplies, and helped our railroad customers immeasurably by reducing the

number of ties to be put in annually, and saving the cost of the attendant labor

to put them in.

699
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It seems that at every trade convention I have attended, whether AWPA,
RTA, AREA or whatever, that ties and their availability or lack of availability

have been in a state of crisis. During the years of World War I, when the railroads

were under the control of the United States Government, the crying need was for

freight cars in which to load the ties for shipment to the treating plant, and/or to

the using railroad. Sound familiar? The situation was so bad that the roads would

frequently get the ties only if they sent their own cars off-line for the ties which

they had purchased. Today the situation is equally desperate, and the end is not

in sight. And speaking of cars and the olden days, in the beginning and until as

recently as 1935 or so, most ties, whether treated or untreated, were loaded in box

cars, or cattle cars. And by hand, for the most part. Tie handlers were as much

a part of the tie loading scene as the ties themselves. There didn't seem to be any

particular correlation between the size of the tie and the size of the tie handler.

Little men and big men. Thin men and fat men. And a green 7x9 oak tie would

frequently weigh as much as 250 lb. The crew was generally made up of five men,

with one acting as header to up-end the tie so the man doing the carrying could

get it on his shoulder. And up those bouncy 2 x 12 gangplanks they would go.

The going rate for loading, which was done on a piece-work basis, was 1 cent per

tie, and after 1935 or so, as much as 3 cents per tie, with a bit of a premium if the

stacks were "too far" from the car. Can you imagine loading ties like that today?

Heaven forbid!

There have also been the everlasting and much deplored peaks and valleys

of tie demand. In money-making years or reasonable facsimiles thereof, our rail-

road customers order ties in relatively large volume, and in lean years—and there

have been too many of these through the years for too many of our customers

—

they tighten their tie-insertions belts, and we perforce tighten ours.

The cross tie supply-demand situation has been complicated recently by factors

which were not formerly present. At least not to the extent they are today. I'm

referring to the competition in the marketplace for the product of the forest. Pallets

were not a factor at all prior to World War II, and the insatiable demand for the

lumber from which to make them has become a strong competitive force only in

the last five to ten years. But today, untold thousands of ties are lost to the manu-

facture of pallet lumber. While their producers would probably deny this, from

where we tie producers sit it appears that there is no grade requirement, no price

limitation for the raw lumber, and absolutely no limit to the demand. We had thought

there might be a cessation in the demand with the winding down of Viet Nam,

but the competition for the product of the tree from this source goes on unabated,

and the end is not in sight. Added to this is the continuing demand for industrial

blocking, flooring lumber, and furniture lumber. And a more recent phenomena is

the equally insatiable demand for saw logs from the Japanese. True, this is mostly

Douglas fir, but there is a rock-in-the-pond effect which has sent a ripple effect into

the farthest most reaches of the timber industry in the United States. All of this has

had the effect of causing us in the tie producing industry to run like mad just to try

to stay abreast of the relatively modest demand, and try as we will, we are not

succeeding. At least at this particular point in time we are not.

No presentation on this subject to an audience of this kind would be complete

without some comment on the cost in time, money and nervous energy to all in the

industry by the demands and requirements of OSHA and the environmentalists.

While many of their objectives are no doubt commendable, much of what we are

being required to do does seem unnecessarily burdensome and counterproductive.
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I'll touch on one more development on the negative side before moving on.

This concerns the loss of good producing timberland to soybeans and to pasture.

This is going on all over the South and Deep South, and again, the end is not in

sight. Even so, better timberland management promises to help make up completely

or in part for these losses. There is no shortage of available timber. The U. S. Forest

Service's latest study shows that supply exceeds demand and will continue for at

least the next two decades. Short term, the Mississippi River Valley has had the

worst floods in at least 25 years, and countless thousands of cross ties have been

lost by the taking out of action of logging and sawmilling operations in Illinois,

Kentucky, Missouri, Arkansas, Tennessee, Mississippi and Louisiana.

Now for some pluses. Better equipment, and better educated men to use that

equipment, make for a better product. True, the equipment calls for considerable

outlays of capital, but without it there is no ball game. And improved techniques

at the sawmill, and at the treating plant, make for a better tie. At the outset of

wood preservation, most ties were treated with zinc chloride. Later creosote in

various combinations became the generally accepted standard—creosote coal tar

solutions and creosote-petroleum mixtures, in retentions ranging from 5 to 12 lb

per cu ft, with 6 lb considered the right amount by many. Adzing and boring, pro-

viding a seat for the tie plate and making for better distribution of the preservative

under the rail bearing have helped. And so have the various anti-checking devices,

including dowels. Incising too has helped to hold down seasoning checks and splits,

and also helps to get the preservative deeper into the wood. In addition to the

time-tested air-seasoning of ties, vapor drying came on the scene a number of years

back, and has been accepted and used by many, and shed drying of cross ties also

had good acceptance, particularly in the South. And the cross section and the length

of the tie itself has changed through the years to better serve the heavier wheel loads

and longer trains of today. Prior to 1925, most main-line ties were 6 inches x 8

inches x 8 ft; 7 x 9 ties were known on some roads, and in some territories, as

specials, and were used only on grades, and extremely heavy-duty main lines. Today,

7 inches x 9 inches x 8 ft 6 inches is the generally acceptable standard for main-line

use, with the 6x8 being relegated to side track and switching yard use. Some
roads go a step further and use 9-ft ties for their main line.

As a result of the improvements mentioned, with an assist by the diesel loco-

motive and to vastly improved maintenance techniques, the life expectancy of a

wood cross tie today is on the order of 35 to 45 years, compared to 5 to 10 years

for the untreated tie installed in track in 1900. What a powerful force for timber

conservation, and what a powerful force for conservation of one of our customers'

scarcest resources—money.

In conclusion, the timber for your cross tie requirements is available. The wood
preserving industry has the capacity and desire to handle your requirements. The

wood cross tie industry will continue to make available to our customer, the Ameri-

can railroads, an abundant supply of top quality, long-lasting, pressure treated wood
cross ties.
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AMERICAN RAILWAY ENGINEERING ASSOCIATION
75th ANNIVERSARY TECHNICAL CONFERENCE

ASSOCIATION OF AMERICAN RAILROADS

ENGINEERING DIVISION
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MARCH 18-20, 1974

Palmer House, Chicago

PROGRAM

MONDAY, MARCH 18

Opening Session—Red Lacquer Room (4th Floor)—9:30 am to 11:45 am

Invocation—Dr. Kenneth Hildebrand, Pastor Emeritus, Central Church of Chicago

Recognition of speakers table guests

Presidential Address—Donald V. Sartore, Chief Engineer-Design, Burlington North-
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Report of Treasurer—Arthur B. Hillman, Jr., Chief Engineer, Belt Railway of

Chicago

Report of Executive Director—Earl W. Hodgkins
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Grego, President

Commemorative Address—The AREA: 75 Years of Service, by Past President

Wm. J. Hedley
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mittee 14—Yards and Terminals)—H. M. Williamson, Chief Engineer, System,

Southern Pacific Transportation Company

Engineering Division Session—Red Lacquer Room—1:00 pm to 4:30 pm

Recognition of speakers table guests

Remarks by Chairman Donald V. Sartore

Report of General Committee—Executive Director Earl W. Hodgkins

Remarks—R. Rex Manion, Vice President, Operations and Maintenance Depart-

ment, AAR

Address—Howard I. Dwyer, Jr., Director, Chicago Technical Center, Research and

Test Department, AAR
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University

H. L. Chamberlain, Senior Engineer, Sverdrup & Parcel and Associates of

New York, Inc.
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—
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)
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)
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Manpower and Employment Service Programs for Military Veterans and the Rail-

way Engineering Profession (Committee 24—Engineering Education)—R. J.

Brown, Director of U. S. Employment Service, U. S. Department of Labor

ANNUAL LUNCHEON—GRAND BALLROOM—12:00 NOON
Presentation of those at speaker's table

Presentation of those at committee chairmen's table
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Address by Robert W. Downing, Vice Chairman and Chief Operating Officer, Bur-

lington Northern, Inc.
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crete Structures and Foundations)
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trated) (Committee 1—Roadway and Ballast)—R. S. Standley, Metal Products

Department Manager, Armco Steel Corporation

Design and Construction of New Milwaukee Road Bridge Over Des Moines River

(Illustrated) (Committee 15—Steel Structures)—W. D. Ashton, Design Engi-

neer, Corps of Engineers, Rock Island District, U. S. Department of the Army

Railway Electrification (Illustrated) (Committee on Electrical Energy Utilization)

Catenary: Studies on Canadian Pacific—L. D. Tufts, Supervisor, Research En-

gineering, Research Department

Studies on Union Pacific—R. J. Berti, Electrical Engineer

On Black Mesa & Lake Powell Railroad—M. D. Meeker, Jr., Man-

ager-Railroad Electrification, General Electric Company

In Other Countries—
B. A. Ross, Assistant Vice President-Fuel, American Electric

Power Service Corporation

K. B. Ullman, Staff Engineer, Office of Research, Development

and Demonstrations, Federal Railroad Administration

Substations in Other Countries—F. W. Waterman, Transportation

Engineering Supervisor, Bechtel Power Corporation
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Motive Power: General—M. D. Meeker, Jr.

Relation of Motive Power to Catenary—T. B. Bamford, Senior En-

gineer—Electrical, Gibbs & Hill, Inc.

Pantographs—

•

F. W. Waterman

J. A. Angold, Special Assistant to Vice-President-Operations,

Atchison, Topeka & Santa Fe Railway

General Applications: Illumination—R. L. Henderson, Application Engineer

—

Transportation & Industrial Industries, General Electric Com-
pany

Thyristor Application on Drawbridges—R. A. Senffner, Senior Proj-

ect Engineer, Communications and Electronics, Elgin, Joliet &
Eastern Railway

WEDNESDAY, MARCH 20

Technical Session—Red Lacquer Room—8:30 am to 12:30 pm

Rails on the Move (Motion Picture) (Committee 31—Continuous Welded Rail)

—

R. M. Brown, Chief Engineer, Union Pacific Railroad

Developments Relating to Large Tunnel Boring Machines (Illustrated) (Commit-

tee 27—Maintenance of Way Work Equipment)—T. C. MacNabb, Assistant

Director, Technical Research, Canadian Pacific Rail

Effect of Heat Treatment on the Strength and Fracture of Rail Steels (Illustrated)

(Committee 4—Rail)—J. M. Hyzak, Research Consultant, Carnegie-Mellon

University

How to Improve Track Stability (Illustrated) (Committee 5—Track)—Dr. Klaus

Riessberger, Head of the Research and Test Department, Plasser

Resources and Supply of Domestic Hardwood Timber—Short and Long Term

(Committee 3—Ties and Wood Preservation)—Dr. Dwight Hair, Director of

Special Studies, Division of Forest Economics and Marketing Research, Forest

Service, U. S. Department of Agriculture

PANEL

Dr. Dwight Hair

K. C. Edscorn, Purchasing Agent, Missouri Pacific Railroad

C. P. Bird, System Chief Forest Products Inspector, Canadian Pacific Rail

L. C. Collister, Manager, Tie and Timber Department, Atchison, Topeka &

Santa Fe Railway

Installation of Officers

Adjournment



Nominating Committee, 1974 Election

Fast Presidents

T. B. Hutcheson, Chairman

Assistant Vice President, Engineering

& Maintenance of Way, Seaboard

Coast Line Railroad

H. M. Williamson
Chief Engineer System, Southern

Pacific Transportation Company

E. Q. Johnson
Senior Assistant Chief Engineer, Ches-

sie System

A. L. Sams
Vice President & Chief Engineer, Illi-

nois Central Gulf Railroad

R. M. Brown
Chief Engineer, Union Pacific Rail-

road

Elected Members

B. J. Johnson (East)

Regional Assistant Chief Engineer,

Chessie System

D. S. Bechly (South)

Assistant Chief Engineer—Structures,

Illinois Central Gulf Railroad

J. R. Williams (West)

Engineer of Bridges, Chicago, Rock

Island & Pacific Railroad

P. C. Fuller (Canada)

Assistant Regional Engineer, Canadian

Pacific Limited

J. I. Adams (At Large)

Assistant Vice President—Engineer-

ing, Louisville & Nashville Railroad

Committee of Tellers, 1974 Election

The following committee was appointed to canvass the ballots for Officers and
Directors and for Members of the Nominating Committee, the count being made
on February 15, 1974.

W. S. Stokely, Chairman R. Dirvonis

R. A. DuganN. E. Whitney, Jr.,

Vice Chairman

G. A. Almendrales

L. Bellisario

L. E. Brault

J. BUDZILENI

W. F. Burt

W. C. Elzy

E. H. HOFMANN
F. B. Lenz

C. V. Lund

G. W. Mahn
K. Salman

A. J. Schavet

W. B. Stanczyk

S. A. Sumner

John Vician

W. E. Wimmer
K. Zukas

Don Zystra
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Successful Candidates in 1974 Election

For President

R. F. Bush, Chief Engineer, Erie Lackawanna Railway, Cleveland, Ohio

For Senior Vice President*

J. T. Ward, Senior Assistant Chief Engineer, Seaboard Coast Line Railroad, Jack-
sonville, Fla.

For Junior Vice President

W. J. Jones, Engineer Maintenance of Way and Structures, System, Southern Pacific

Transportation Company, San Francisco, Calif.

For Directors
East:

P. L. Montgomery, Manager Engineering Systems, Norfolk & Western Railway,
Roanoke, Va.

Mike Rougas, Chief Engineer, Bessemer & Lake Erie Railroad, Greenville, Pa.

South:

J. W. DeValle, Chief Engineer Bridges, Southern Railway System, Atlanta, Ga.

West:

E. C. Honath, Assistant General Manager—Engineering, Atchison, Topeka &
Santa Fe Railway, Amarillo, Texas

For Members of 1974 Nominating Committee
East:

E. M. Cummings, Regional Assistant Chief Engineer, Chessie System, South-

field, Mich.

South:

A. C. Parker, Jr., Chief Engineer, Maintenance of Way, Louisville & Nashville

Railroad, Louisville, Ky.

West:

J. R. Williams, Engineer of Bridges, Chicago, Rock Island & Pacific Railroad,

Chicago

Canada:

W. T. Van Deventer, Regional Chief Engineer, Canadian National Railways,
Winnipeg, Man.

At Large:

N. E. Ekrem, Director—Bridge Engineering, Burlington Northern, Inc., St.

Paul, Minn.

° Under the provisions of the AREA Constitution, J. T. Ward advances automatically from
Junior Vice President to Senior Vice President
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Address by President D. V. Sartore*

Welcome to the American Railway Engineering Association's 75th Anniversary

Technical Conference. I want to extend a very special welcome to the ladies. Your

presence turns a drab desert of business suits into a flower garden of beauty.

I'm sure most of you have noticed that this meeting is now called our tech-

nical conference, rather than convention. This change has been made to more

accurately reflect the activities that take place at our annual meeting. A glance at

the program shows that it is oriented to special technical presentations rather than

committee reports.

The AREA has reached an important milestone in its history. Not many organ-

izations reach their 75th year. At such an important milestone, it is appropriate that

we pause for a few minutes to look at ourselves objectively—to locate our strengths

and our weaknesses; to decide if we are accomplishing the objectives of our Asso-

ciation; and to determine if we are fulfilling the needs of our industry, both present

and future.

The purpose of the Association is clearly stated in the Constitution as follows.

"The object of the Association shall be the advancement of knowledge pertain-

ing to the scientific and economic location, construction, operation and maintenance

of railways."

The Constitution further states:

"The means to be used for this purpose shall be:

"(a) The investigation of matters pertaining to the object of the Association

through Study and Research Committees.

"(b) Meeting for the presentation and discussion of papers, and for action on

the recommendations of committees.

"(c) The publication of papers, reports and discussions."

Up to this point I believe we would all be in complete agreement. But these are

general guidelines—let us be more specific. What does AREA actually do?

First, we conduct an Annual Technical Conference, and also an annual Regional

Meeting for the dissemination of technical information with an opportunity for

questions and discussion.

Next, we have regular meetings of our technical committees for the purpose

of researching and discussing pertinent matters to be published.

These meetings provide an opportunity, the importance of which cannot be

over-emphasized, for an exchange of ideas and information. This forum allows rail-

road engineers, suppliers, educators and consultants to discuss problems and their

solutions to the benefit of all. Successes and failures are made available to everyone,

eliminating the need for costly duplication of effort.

We also publish technical bulletins on a regular basis. These bulletins contain

invaluable information derived from the research and studies of the various

committees.

Finally, we maintain a Manual of recommended practice relating to railroad

engineering that is used throughout the world as a guide to good practice. Within

the last month, I met an engineer who was telling me how he was suddenly

—

without prior railroad experience—made responsible for the construction of a few
miles of railroad to serve a mine in a foreign country. He said he did the job, and

Chief Engineer—Design, Burlington Northern, Inc., St. Paul, Minn.
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on schedule, but if it hadn't been for the AREA Manual he would probably still be

there. I doubt that many would disagree with the thought that the Manual is the

fruition of most of our efforts.

Next, let us examine how well we accomplish what we do.

Let us start with our Technical Conference and Regional Meeting. In my opin-

ion—and it is reinforced by comments from many members—we can be proud of

ourselves in this area.

We have altered our format in the last few years to be more receptive to the

needs and desires of the individual members. We no longer read verbatim repors

from the Bulletins but rather we put emphasis on presenting subjects of interest to

everyone, and have opened the door to meaningful discussion. I believe we rate an

"A" here.

Next, let us examine our technical committees. I believe that what they accom-

plish is fine, but I am not convinced they accomplish enough, or do it in timely

fashion. I will expand on this a little later on.

Insofar as our Bulletins and Manual are concerned, they are the product of the

committees, so the same comments apply.

I assume you have detected a hint of dissatisfaction in the last few remarks.

If you expected me to stand up here this morning to do nothing but throw bouquets

you will be disappointed. I plan no such thing. Get ready for the brickbats—there

will be some coming.

Several weeks ago I read something I would like to repeat for you at this time.

It goes as follows:

He who is cowardly will do right because it is safer to do so . . .

He who is overly ambitious will do right because it is to his advantage to

do so . . .

He who is miserly will do right when he finds it is cheaper to do so.

He who is average will do right because he is expected to do so . . .

But blessed is he who does right because it is right.

Now, I do not feel I am cowardly, overly ambitious or miserly; in many ways

I am below average, and I'm sure more of my associates curse me than bless me,

but I still feel that I should do what I believe is right. And I believe it is right to

stop our self-indulgence in telling ourselves how well we are performing as an

organization when / do not believe we are fulfilling all our responsibilities.

Let me quote once more the object of our Association, ".
. . the advancement

of knowledge pertaining to the scientific and economic location, construction, opera-

tion and maintenance of railways." Sounds all inclusive, right? WRONG, it does not.

It may have been complete 75 years ago, but times have changed. Considering the

fast pace of today's world and the rate at which things change, we should add,

".
. . in a timely manner." We can no longer be insensitive to time. It is becoming

as important as right or wrong. Something that is done correctly, but too late, might

just as well not have been done. We cannot afford to waste our efforts in doing

things too late to be most effective.

Timeliness, then, is number one on my "miss" parade—the list of things I feel

we are not accomplishing.

A few minutes ago I said I would expand on how well we are accomplishing

our job within our technical committees. Let me do so at this time.
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There are several exceptions, but for the most part, our committees are not at

all time-sensitive. It sometimes takes years, literally, to turn out a report. We just

cannot allow this practice to continue. We must speed things up. I know many com-

mittee members are saying to themselves, fine, but how can we do that if we can't

even get everyone to the meetings half the time. I want to discuss that in more

detail later, but for now, let me just raise a question in your mind as to why we
can't attend more meetings.

I've been a committee chairman, and I know that most of the work on any

subject is done by the subcommittee chairman in most cases. This in itself slows

things down. All subcommittee members should produce.

Then, I have noticed we sometimes try to obtain unanimous approval on all

matters, often delaying action for months in order to do so. I would like to point

out that the AREA issues recommended practice only—no one is bound by any

decisions it makes. If a majority are in agreement, let's give it out where the majority

can use it now, not two years from now. Those that don't like it do not have to

use it. We can not afford delays to satisfy every member

There is one other item I believe we should address ourselves to in our com-

mittees—and that is to looking ahead. Not enough of the subjects suggested for

study by our committees look to the future. They are related to solving yesterday's

problems. We must learn to act, not react—be leaders, not followers.

Here again, I can read some minds. How can we look to the future? The AAR
Research Center laboratory used to conduct a large number of tests for us, but that

has been drastically reduced. Where can we get testing clone? First, let me state

that the AAR laboratory is now more oriented to research than testing—and I believe

this is right for maximum long-range benefits. The lab will still conduct some tests

where they are necessary and no suitable alternative exists, but we do have a suit-

able alternative for most of our needs. We must learn to set up tests on our indi-

vidual railroads, and most chief engineering officers are receptive to good test sug-

gestions. This is being done on an increasing scale, and very satisfactorily. I believe

an actual field test is better than a laboratory test in many ways, but we must look

to the future and start the tests before the results are needed, since field tests do
not provide the accelerated results obtainable in the lab.

The last area I want to touch on relating to our committee work is their rosters.

We must cut out the "deadwood." This applies not only to the members that do not

attend meetings or answer correspondence but to the members that do not con-

tribute at meetings or in their correspondence. If we reduce our committee rosters

to insure that every member is contributing, we may find all members would be

allowed to attend the meetings. We should also be more flexible in bringing special-

ists into the committee for certain assignments where they have expertise, then

allowing them to drop off when the final report on that subject is made. I have one

word of caution on this subject. We must be certain we always allow room for a

few of our younger members to participate in committee work—I feel it provides

an excellent opportunity for them to broaden their knowledge at relatively small cost.

In summary then, I believe we should alter the philosophy of our committees

from that of a large group on which most railroads are represented and where deci-

sions are usually unanimous, to one of a smaller, representative "task force" in which
decisions are made on a majority rules basis.

Now let us turn to some areas that, while they are not specifically related to

AREA, are certainly of concern to the Association.
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Several months ago, I read a report that had been based on questionnaires

filled out at a series of management seminars. These seminars were attended by all

types of managers from all types of companies. One of the questions was, "Which

department within the company is the hardest to communicate with." The engi-

neering departments won (or should I say lost) but more importantly, the margin

was 2 to 1 over the next highest group. My first reaction to that was a little bit

stronger than "baloney" because I didn't believe it. But as I thought about it, I

realized that what I believe, or what you believe is not as important as what our

associates believe—and they believe we are hard to communicate with.

The more I thought about it, the more I realized that the reason we rated so

badly is that engineers by nature do not have the same approach to matters as many
other disciplines. We are so busy doing things that we do not take time to listen

to what others are saying—we hear words, not meanings. We must learn to force

ourselves to listen, and to understand what another person wants to convey, not

what tee think he wants to convey or what we want him to convey. We must con-

trol our impatience to do, and take the time to understand another's problem.

This leads me to the next item I want to discuss—and that is our ability to get

a message across to our managements. In my opinion, and I'm sure most of you

would agree, on most railroads the engineering and maintenance of way areas are

not getting their fair share of the money being spent. But I probably disagree with

most of you as to who is at fault. I believe it is our own fault. We are so concerned

with being good engineers, that we forget to be good salesmen. We must learn to

communicate. We must be certain management understands us. But beyond that we
must prepare our presentations carefully to prove that management cannot afford

not to give us our needs. We must show the return on investment—whether capital

or operating—is to the overall company benefit, and that not to spend the money
on our needs will be to the company's detriment. We can no longer say, "We have

to have it" without proving it on a dollar and cents basis.

We must instill in our managements a high degree of confidence in our ability

to make meaningful recommendations. When we say we must have something, we
must be able to prove it. When we say something will pay for itself, we must prove

it. We must compete for each dollar with other departments that have every con-

fidence their needs are greater than ours, and are prepared to prove it. We all know
there are just so many dollars to be spent, so we cannot afford to let any get away.

This is where a more timely, dynamic AREA can come into play. We must
provide our chief engineering officers with the most current information on prac-

tices, products, and tools to enable them to help us get what we need. And by
most current, I mean today's information today—or better yet, yesterday—but cer-

tainly not tomorrow. We must sort out our priorities to determine where our efforts

will produce the highest return, and concentrate on those areas, rather than on
"pet" projects. We must review every study that is being pursued, to be certain our
investment in time and effort is justified—if not, let us abandon it.

If our managements see more meaningful results from the AREA committees,

I am certain we will not have any problem in attending meetings.

Let me summarize my ideas of the strengths and weaknesses of the AREA.
First, our strengths. We are financially sound. We have a membership that consists

of the most knowledgeable people in their fields. Our history indicates there is a

need for our organization. The railroad industry is on an upsurge—the energy
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crisis has spotlighted the value of the rail industries to their nations. And finally,

but perhaps most importantly, is the fact that a sound dynamic AREA will not only

be helpful to the future of the railroads, it will be essential. If the railroads are to

improve as they must, it will be through technology, and we, the members of

AREA, must supply a large share of that technology.

Now, let us turn to our weaknesses. First, we are too slow to act. We must

become more time-sensitive. Next, we have spent too much time dwelling on past

accomplishments. We must look less to the past and more to the future in order to

be of maximum benefit to our industry. Finally, we have not convinced those that

we must convince of the importance of die AREA to the railroad industry. We must

learn to communicate—in both directions—and become super-salesmen. Now, before

you start looking through the constitution to determine if I can be impeached for

my words here today, let me make a few statements in my own behalf. Incidentally,

all tapes of this talk, which runs about 19 minutes, will have an 18 minute gap.

I sincerely believe in the future of the railroad industry. No one has more

confidence in it than I. I also sincerely believe in the American Railway Engineering

Association. I am convinced that it is necessary to a successful future for the rail-

roads. I am proud of our past accomplishments—I want to be even more proud of

our future accomplishments. I am convinced that with a few adjustments to our

past and present practices we can prepare for the future. I can assure you, that if

we do not move forward, we will stagnate, and if we stagnate we will no longer be

of value to the railroad industry, and if we are no longer of value, we will cease to

exist. After all, while we are a dues paying organization, we must all realize that

our employers pay our expenses for attending meetings.

I will be 71 years old when the AREA reaches its 100th year—and I am con-

fident it will reach that milestone. I plan to attend that meeting, God willing, and
I hope I can look back and say to myself, "Yep—that 75th year was the turning

point—that is where the AREA and the railroad engineering profession took the

initiative to make the railroad industry what it is today—the best damn transpor-

tation svstem in the world."
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Annual Luncheon Address

By ROBERT W. DOWNING
Vice Chairman and Chief Operating Officer

Burlington Northern, Inc.

We meet here today during National Salesmen's Week. I think we can all

join in the enjoyment of the observance. After all, everyone lives by selling some-

thing. And I have heard a supersalesman defined as a fellow who can sell double-

breasted suits to a man with a Tau Beta Pi key.

I wish I had the gifts of a supersalesman today because I intend to talk about

a subject that is of the highest importance to your railroads right now. That subject

is, "The importance of making profits happen in the railroad industry."

This is a subject on which I have spoken out with increasing frequency in

recent months, because there can be no private enterprise without profits. And, since

I don't think any of us in this room who would prefer to have all of us work for

the government, I assume that keeping the railroad industry in the private sector

of our economy has a high priority for you, too.

I am sure that each of you has fought the battle of the budget—fought it in

the preliminary drafting stage, fought it in the review stage, fought it in the appeal

stage. And you've done it year after year in an attempt to get the money to build

and repair essential structures, acquire the tools you need to work with, buy the

materials you need to maintain a good railroad.

However, if you think the heat of that battle for a share of available monies

has been intense in past years, I can advise you now that you haven't seen anything

yet. Money for additions and improvements is going to be harder and harder and

harder to obtain in 1975 and the years immediately ahead unless two things happen
this year.

One, unless the Congress enacts and the President signs into law remedial

legislation that truly does help to equalize the railroads' competitive position in the

nation's transportation industry; and

Two, unless those railroads that have been impoverished the most by regulatory

policies over the years are able to obtain the long-term financing they need to

modernize their plants and car fleets.

For nearly three decades now rail profits have been depressed by government

policies that controlled both the services we perform for our customers and the

prices we charge for those services. The industry needs—not deregulation—but

remedial legislation that will allow us to compete fairly and equitably for traffic

we can haul efficiently and profitably. We need to speed up the procedures to half

service on branch lines that carry little traffic and on which money should not be

spent unnecessarily.

And, since the world is gripped by a severe energy shortage that promises to

be with us for some years, and the energy-efficient railroads are recognized as essen-

tial to the health of our national economy, it seems to me that objective is both
reasonable and in the national interest.

As for point two—long-term financial plans for the railroads that have been
hurt most by government regulatory policies—it seems to me that the Congress has

a choice. It can wait until the collapse of the railroads in the Northeast is repeated

elsewhere. Or it can make it possible now for the railroads that need help to begin

to help themselves.
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That may not appear such a difficult choice at first glance, but you have to

remember that politics for many years has been both the hope and the despair of

the railroad industry. One should never bet the rent money on matters political.

Failure to act now could bring down severe economic penalties upon the entire

nation, in my opinion.

Lest someone think that this is an exaggeration of the importance of the nation's

rail system to the economy of this country, let's look at the record:

But first I think we should straighten out one publicly held misconception.

With all of the publicity about the troubles of the Eastern railroads and discussion

about unused branch line trackage, the idea seems widespread that the railroads

have much excess capacity. But in many parts of the country this is just not true.

On BN and on many other roads we need many millions of dollars to upgrade tracks,

bridges and yards just to meet the demands of today's growing traffic and more

especially to prepare for the new business which will be available if we can

handle it.

The railroads experienced a 5 percent increase in revenue ton miles in 1972 in

establishing a new traffic record. Last year the industry achieved another new record

while registering an additional 9 percent increase. And so far in 1974 the railroads

are 3 percent ahead of 1973's record and 12 percent above the total for 1972.

I haven't met anyone—in or out of the railroad industry—that doesn't believe

the nation's demand for rail freight transportation services will continue to grow.

The Department of Transportation predicts that the railroads of this country will

nearly double their revenue ton-miles by 1990. That's only 16 years.

The railroads that serve areas of the United States that will experience the

sharpest economic growth in this period ahead will exceed the national average,

of course. We expect Burlington Northern to be one of those. In the first four years

since merger our traffic has increased by 30 percent, and for the first two months of

1974 we are running ahead of last year.

However, there's a variable in the industry's outlook that could make our most

optimistic estimates look conservative in a few years—the energy shortage that grips

the nation and the world. And even though our collective research efforts very likely

will produce new energy sources that the world can afford, and break the grip of

the oil-producing countries on the economies of industrialized western nations, it

doesn't seem likely that our world will ever return to its former easy-come-easy-go

attitude toward natural resources. The oil shortage, together with shortages of other

key raw resources, seems to have cured that.

Any such shift in national attitude back toward the old Puritan ethic of waste-

not-want-not—however slight a shift—is bound to improve public opinion toward

the railroad industry. For too many years, especially since the Federal Highway
Program back in 1956 launched what one author has called "The great American

motion sickness," our industry's drop in public esteem was about in proportion to

the growth of the Interstate Highway System. The commuter here in Chicago lost

sight of the fact—and probably didn't care—that a railroad such as Burlington

Northern operated some 800 freight trains a day.

The energy shortage is helping to change that. The press, in its daily stories

about gas shortages, Mass Transit bills, the "Arab oil embargo, points out repeatedly

that the railroads generate about four to five times as many ton-miles of freight

per unit of fuel consumed as the trucks can.
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So outside events have greatly changed the climate in which we serve the

public. The question before us at this point is: What can and will railroad men and

women do to further improve that climate and government regulations so that we
can do a better job for the nation?

I can't think of anyone for whom this question is more pointed than an engi-

neering man. You by training and by the very nature of the work you perform for

your companies are quality-oriented.

Have you ever known an engineer to set out to build a railroad bridge that

would be obsolete in four or five years? Of course not. You seek quality in every

project, take pride in the durability of what you structure. That is why railway

engineering people must fill such a key role in the effort we must make to help

this industry grow. We are in a turnaround situation. We are being called upon to

provide more transportation services than ever before. This makes your job more

important, more significant than at any time in modern industry history, in my
opinion.

I say this because you help to create many of the situations in which the public

and the railroads meet—at grade crossings, bridges through the facilities you con-

struct and keep in repair.

As a case in point, I offer the 4200-ft bridge Burlington Northern built over

Latah Creek in Spokane, Wash. As some of you know, that structure won a design

award and I think it has done more for Burlington Northern's public image in that

area than any other project with the possible exception of our gift to the city of

several acres downtown that cleared the way for construction of Expo '74.

I think it is very important that we keep our station grounds cleaned up, the

boundaries around our yards neat, build and maintain fences that reduce noise

and block out unsightly views, and provide security.

This is not an easy charge. You will have to motivate your associates and

employees toward your objective of sprucing up company properties. Beyond that

engineering officers are in close touch all the time with community officials at all

levels of government. You can help our relations with the public immeasurably by

handling permits and applications of all kinds in an expeditious and flexible manner.

This industry will need all the good will and support we can earn from the

public as the Department of Transportation's Transportation Improvement Act of

1974 and Representative Brock Adams' Surface Transportation Act of 1974 come
up for consideration in Congress. A combination of the best features of those two

items of legislation are our industry's best hope currently for establishing an

improved competitive position and increasing our earnings.

If the railroads of this country are to meet the growing transportation require-

ments of an expanding economy, they must be capable of raising the funds needed

to renovate, modernize and expand their plants and car fleets. You here today know
very well indeed how costly that job will be. At Burlington Northern we have

spent or committed some $680 million for equipment, facilities and track improve-

ments since our 1970 merger. I recently completed an eight-day, 7,000-mile inspec-

tion trip with our chief engineer, Bruce Anderson, and I can tell you we still have

a way to go to get our system into peak condition.

One aspect of our situation that reflects the growth of traffic over Burlington

Northern was brought home with a double impact by this latest inspection trip.

Much track that only 10 years ago was in excellent condition now needs to be

substantially upgraded, because lines that used to carry relatively light traffic now
have much higher density with the growth in coal traffic.
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Obviously this situation prevails on every railroad line in the industry that has

experienced sharp increases in usage. Thus maintenance-of-way expenditures should

be increased by every railroad to offset the wear and tear of heavier traffic.

Is the extra money going to be available? That's a good question. Burlington

Northern last year spent $174 million on maintenance-of-way, up from the $127

million expended in 1970. Inflation costs accounted for a large percentage of the

increase and we didn't get that much more accomplished for the additional money.

Certainly for railroads and other industries that are heavy users of manpower,

materials and capital, the costs of inflation are especially burdensome.

Furthermore, as you know, earnings continue to be disastrously meager. Operat-

ing revenues of the nation's railroads last year rose more than 9 percent, according

to the Association of American Railroads, reaching a record high of $14.2 billion

dollars. Yet operating expenses rose so much—and so quickly—that the industry's

1.3 billion dollar increase in revenues brought only a paltry 18.2 million dollar

increase to net income.

Thus our industry's rate of return on net investment in transportation property

increased from a shade under 3.1 percent to a shade over 3.1 percent. And this

was in a year when most other major industries were averaging 10 percent or better.

Our competitors in the transportation industry did substantially better, accord-

ing to the Interstate Commerce Commission's latest Annual Report to Congress. That

ICC document states that the major intercity highway carriers enjoyed a rate of

return on net investment in excess of 17 percent. The water carriers didn't do quite

as well. They had to manage with an ROI of just under 12 percent.

It's encouraging to know that the two other major segments of our surface

transportation industry in this country are so profitable. And I hope that in 1974

the Congress will enact remedial legislation that will enable America's railroads to

work their way toward financial stability. This would produce a more modern and

more efficient national railroad system to serve the American economy.

I am encouraged that the Congress is in the frame of mind to pass legislation

that will amend the Interstate Commerce Act of 1887 and put our industry on the

track to financial stability and greater efficiency. I think that in creating Amtrak,

in passing the Northeast Rail Reorganization legislation by a sizeable margin, and

by being initially receptive to the legislation drawn by the DOT and Representative

Adams, the Congress has gone on record that it wants a more efficient rail system

—

a rail system that can grow with the economy.

Certainly such favorable action by Congress would dramatically improve the

industry's prospects for both increased earnings and the ambitious capital invest-

ment programs we need. Just very recently, speaking to an organization of railroad

suppliers here in Chicago, I pointed out that the United States railroad industry

had been able to raise only $5 billion for capital improvements in the four years

1970 through 1973. Instead of averaging $3.3 billion a year—which had been oui

goal—we were able to scrape up an average of only $1.2 billion a year.

I'm sure that you here today know better than any other group what an addi-

tional $8 billion for rail, roadbed, equipment and facilities would have meant to the

American railroads. You know that today we wouldn't have the greatest car shortage

in history

—

if we had been allowed to earn the billions we needed to expand our

service capacity.

We must be allowed to make those essential profits happen.
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I urge you all to join in supporting the Transportation Improvement Act and

Representative Brock Adams' Surface Transportation Act. With some cleaning up

of certain undesirable features, both bills have great merit. This is our opportunity

to assure you that we will have the opportunity to modernize the finest transcon-

tinental railroad system the world has ever known.

That would be in the best interest of the American public.

I have enjoyed the privilege of addressing your meeting here today, and the

pleasure of seeing some old friends, making some new acquaintances. I hope you

have a very successful and personally beneficial conference.
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Seventy-Five Years of Service

75_648-7
By WM. J. HEDLEY

Retired Assistant Vice President, Norfolk & Western Railway;

Past President and Honorary Member, AREA

Twelve days from now this lively organization of ours will be 75 years old,

older than most of us here but not as old as some.

The object of the Association is the advancement of knowledge. That means it

it people-oriented, and I want to say something about the sturdiness of its people.

Do you know that almost half of the presidents of AREA whose life spans

have ended, lived to be older than 75? And that we now have several who are be-

yond their diamond birthdays?

The dean of past presidents, of course, is George D. Brooke, retired chairman

of the board of the Virginian Railway, who was our president in 1930 and 1931.

He was 95/2 years old last Friday. I called him a few days ago to see whether he

might attend this 75th anniversary meeting. You know, he was already 20 years old

when this organization of ours was launched by those 17 men who conceived it at

a meeting about 5 months before.

When I first called him, he was out on an errand. He normally spends his morn-

ings working in the yard or playing golf. Mr. Brooke asked us to excuse him but

for me to extend his hearty greetings to you here and to tell you how very much
AREA had done for him. When he went to work in the engineering department of

the Baltimore & Ohio, he soon set a goal of being prepared for the next job which

might be available as a promotion. Just as soon as he could qualify, he joined

AREA. That was in 1907, when there were only 600 members. He became involved

in committee activities, which became important in the advancement of his profes-

sional career.

Ranking next in seniority is our Golden Jubilee President, Charles H. Mottier.

He is only 85 (will be 86 next month). I also called him on the phone. It was with

regret that he had already declined a special invitation to be here. He just doesn't

want to leave that Florida weather. His community activities at Ranch Mobile and

his early morning foursome shuffleboard games are keeping him physically fit and

sharp of mind. He sends most hearty greetings to you.

George O'Rourke and his humor have enlivened these meetings for many years.

He expected to be here this year, but instead went to the hospital a week ago. I

am glad to report that he is on the mend. George is about 85.

Besides these past presidents, we have some other quite senior members. C. H.

Splitstone, retired assistant chief engineer of the Erie Railroad, is another member
from 1907. He is now 96. I. M. Chace, now living in New Bedford, Massachusetts,

joined in 1908 and is now 98. Charlie Smith, retired vice president of the New
Haven, a member since 1909, is 97, and T. W. Fatherson, retired general superin-

tendent of the Tremont & Gulf Railway, who joined in 1910, is now 103. Major

J. D. N. Macomb, long a regular attendant at these annual meetings, died last fall

at the age of 97. Our last living Charter Member, E. C. Macy, one of the original

283 who joined in 1899, died in 1965 at age 92. These fellows set high health and

longevity goals for the rest of us.

Note: Discussion open until October 15, 1974.
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Our executive secretaries have also been a sturdy lot. The first, Louis C. Fritch,

who later was also president of the Association, lived to be 85 years old. His brother,

Emil H. Fritch, who was secretary for 31 years, passed the 83rd milestone. Wal-

ter S. Lacher died just two days before his 88th birthday. Neal D. Howard, execu-

tive secretary emeritus, is already beyond 75. And incidentally, he showed us a real

good time when we visited him in Honolulu two years ago. Of course, Earl Hodg-

kins, a mere 54, looks and sounds like he may go on forever.

Our list of 283 Charter Members represented more than 100 railroad companies

in the United States, Canada and Mexico, operating 150,000 miles of railroad line.

It took 50 years to bring that membership up beyond the 3,000 mark, but it has

stayed above that mark since 1949. The top membership was 3,421 in 1967, and

it stands at 3,310 today.

Included in that number are 105 Junior Members. Recently that class of mem-

bership has been increasing. A couple of weeks ago I attended the Awards Dinner

of the American Consulting Engineering Council at Rolla, Missouri. A university

group, possibly some future AREA members, entertained us after dinner. They were

billed as a barber shop octet. They sang quite well, but they sure hadn't had much

experience in the barber shop. Looking at them you realize that the latest thing

in women's hair-do's is men. I think it somehow relates to women's lib.

When AREA was organized, the railroad industry was already about 70 years

old, but it was still experiencing a rapid growth, adding mileage at the rate of 10

percent per year.

The 11th Annual Report of the Interstate Commerce Commission on Transport

Statistics, lor the year ending June 30, 1898, shows some interesting comparisons

with the latest available ICC statistics, which are for the year ended December 31,

1971.

The earlier report dealt with 2,047 corporations. There were 1,192 operating

companies, with about 185,000 miles of line. At the end of 1971, there were 423

operating companies, operating about 220,000 miles of line; 35 percent of the num-

ber of companies with 19 percent more mileage.

There have been a lot of mergers over the years. This is even more apparent

when you look at only the Class I Line Haul Railroads, 70 in number at the end

of 1971, operating more than 95 percent of the total line mileage.

Miles of line operated by United States railroads continued to increase until

they peaked out at somewhat more than 260,000 miles in 1916. In recent years

there has been a rather steady decline at about 0.4 percent per year. Right now it

appears that the rate of decline is due to speed up.

An interesting contrast in the nature of the railroad business as shown by the

1898 report and the current situation is revealed by the fact that when AREA was

organized, more than 25 percent of the railroad operating revenues came from pas-

senger train operation. Even before Amuak this percentage had declined to about

3.5 percent. Railroad passenger business peaked out in the war year of 1944 and

has declined 90 percent in the past 30 years.

On the other hand, with all of the competition from highway trucks and sub-

sidized waterways, railroad freight revenues and tonnages continue on an uptrend,

even though slight. The 1971 ton-miles of freight carried was more than 6.5 times

the amount in 1898.
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Now here are the telling figures: In 1898 the railroads employed about 875,000

people; in 1971 the total was just under 584,000, a reduction of 33 percent. But

in maintenance of way and structures, the 1898 employment was 261,800; whereas

in 1971, with 19 percent more miles of line operated, carrying 6.5 times the freight

tonnage, the maintenance of way and structures employment was 91,400, a reduc-

tion of 65 percent. Engineering and maintenance of way people, their equipment

suppliers, and AREA deserve credit for that performance in increased efficiency.

The frame of reference is important. Like the two women in the bowling alley.

One said, "Lucille, last night I came the closest I've ever come to bowling a perfect

300 game." Her friend said, "That's fantastic! What did you bowl?" She said, "62."

As the railroad industry has changed in 75 years, so has AREA. It started with

14 standing committees. Only four of them remain with their original names:
4—Rail, 5—Track, 6—Buildings, and 14—Yards and Terminals. You can't have a

railroad without all of these. Committee 1, originally entitled "Graduation," was

later changed to "Roadway" and in 1938 combined with Committee 2 to become
"Roadway and Ballast." Committee 3—Ties, added "and Wood Preservation." Many
other changes have been made. In 1901, Committee 15—Iron and Steel Structures

( now Steel Structures ) was organized and Committee 7, originally "Bridges and

Trestles," has gone through several changes to become "Timber Structures" in 1970.

Ralph Modjeski was an original member of Committee 7. R. W. Hunt was an

original member of Committee 4—Rail. Committee 9 was originally named "Signs,

Fences, Crossings, and Cattle Guards." With the rapid development of highway
transportation, the committee was named "Highways" in 1934.

Over the years 28 additional standing and special committees have been created

and many have served their purposes and have been disarmed. Today we have 19

active standing committees and 2 special ones.

In 1965 AREA started holding regional meetings, and as Earl Hodgkins told

you, this year will hold its 10th one in Kansas City on November 6. Average

attendance at these meetings has been over 200. The high attendance was achieved

at Atlanta in 1972, 420.

In recent years this annual meeting has been held in Chicago, except that I got

you to St. Louis once, in 1957.

In 1949 our Golden Jubilee slogan was "A Past of Achievement—A Future of

Opportunity." Today, opportunity is still with us. Right on.
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Plan or Panic—A Presentation by AREA Committee 32-

Systems Engineering

75-648-2

Introduction

Written by CECIL E. LAW
Executive Director

Canadian Institute of Guided Ground Transport

Kingston, Ontario

Revised and presented by ALBERT D. M. LEWIS

Associate Professor of Structural Engineering

Purdue University

West Lafayette, Indiana

We would like to acknowledge that Dr. Cecil Law of the Canadian Institute

of Guided Ground Transport played a major role in developing the material for this

presentation and was to have been one of the speakers. However, his busy schedule

made it impossible for him to be here.

When we first heard that we were to make a presentation at this meeting, the

Panic part of our title very nearly applied to us. After some thought, the idea

developed that some planning might make possible both the definition of systems

engineering for you and a demonstration of the systems engineering approach by

an example.

The so-called Second Industrial Revolution of the past three or four decades

has been at least partially accompanied by a general recognition that practically

everything in the universe can be characterized in some sense or other as a system.

This Second Industrial Revolution has also been accompanied by the development

of General Systems Theory. The computer is of course the best known physical

component of the Second Industrial Revolution; and Operations Research, Cyber-

netics, and Systems Analysis are the best known subdivisions of systems science.

A system might be defined as an interrelated, interacting set of components

comprising a single assemblage which performs a particular function.

Systems analysis means describing a system and its component parts, explain-

ing the hows and whys of interaction and relationships between the parts of the

system and between the system and its environment.

The environment of a system is the set of all things surrounding the system

which by some change in their attributes or characteristics cause a change in the

behavior of the system, or which are themselves changed by the system.

Systems engineering might be viewed in several different ways. It might be

considered as the study of systems which are of a specifically engineering nature,

or systems which are set in an engineering environment. If you like, you might refer

to these as engineering systems.

You might also consider systems engineering to be focused on the hardware

parts of a man-machine system. But this limited approach would not be popular

with most systems engineers.

Note: Discussion open until October 15, 1974.
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Another view might be that systems engineering is systems analysis performed

by engineers paying particular attention to that special interest of engineers—design.

Finally, systems engineering might be said to concern itself with the analysis,

design, and redesign of parts or all of a system, particularly a man-machine system,

including the study of its operation.

What is the systems (engineering) approach to problem solving?

Many variations are seen but we might usefully describe the systems approach

as having five phases, subdivided into some ten steps.

The phases are I Problem Definition, II Investigation, III Concept and Design,

IV Hypothesis and Test, and V Implementation. The ten steps are:

1. Defining the problem.

2. Collecting data.

3. Analyzing the present system.

4. Developing a Conceptual Model of the Present System.

5. Considering and evaluating alternative concepts and systems.

6. Designing a new system.

7. Modelling (simulating) and testing the new system.

8. Installing a pilot version of the new system.

9. Implementing a full-scale version of the new system.

10. Evaluating the new system after it has been implemented—a step that is

often overlooked.

Naturally the steps can be revised, condensed, and otherwise altered in detail.

But in general the steps will apply.

But it is not our purpose here simply to lecture about systems, and systems

engineering. Rather we wish to demonstrate for you part of our own systems study

of a committee assignment.

At the Committee 32 meeting of 15-16 May, 1973, it was decided that we

would use systems methodology to conduct our own committee work. One item from

the assignments of this committee was selected for completion by team effort. A
PERT (Project Evaluation and Review Technique) chart was prepared to outline

the objectives of the committee over the 18 or so months remaining to the Novem-

ber 1974 committee report. The chart outlined each of the intermediate objectives

or states that the committee work would pass through. In particular we decided to

concentrate part of our efforts on the topic of structures inventory, one of the assign-

ments of Subcommittee 2—Administrative Systems. The PERT chart developed at

that meeting has been revised as the problem of establishing an idealized structures

inventory has been studied. Plans seldom go exactly as laid out.

The first step in a systems study is problem definition. This includes stating

the problem as clearly as possible, and setting objectives for the study. It also

includes setting the limits to which the investigator must carry his analysis to solve

the problem without developing unnecessary information. All of these things involve

studying the environment in which the structures inventory problem is imbedded

and is appropriate to the presentation. The accompanying three netvyork charts

were prepared to illustrate the Committee's procedure for tackling die problem of

structures inventories. Chart 1—Problem Definition, shows the flow approach of

the whole committee toward the structures inventory undertaking. Chart 2—Presen-

tation, shows the flow detail of setting up this presentation and the mini-computer

demonstration. Chart 3—Report, shows the flow of what happens between this

presentation and publication.

Bui. 648
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Setting up a Structures Inventory

Remarks by D. L. GLICKSTEIN

Manager—Engineering Systems Development

Penn Central Transportation Company

I've spent the past five years being introduced as a computer expert. In Plain

Speaking, the Oral Biography of Harry Truman by Merle Miller, the late President

gives us his definition of an expert:

"An expert was a fella who was afraid to learn anything new because then

he wouldn't be an expert anymore."

This, ladies and gentlemen, is what Committee 32 is trying to overcome. The

computer is here to stay. Let's learn how to use it.

I am going to take us back to the office for a few moments. The Chief receives

an urgent request for a structures inventory. He calls his structures man. The

following conversation takes place:

Chief: "I need a bridge list."

Structures: "What kind of list sir?"

Chief: "A bridge list."

Structures: "When do you need it sir?"

Chief: "Yesterday."

Structures begins to sweat as he doesn't know quite what to do. He then

remembers some time back there was this computer type who came wandering in

and quietly asked if he were interested in putting his bridge data into a computer

system. At the time Structures didn't see any need for his bridges to be in a com-

puter list as he already had books and files filled with data going back many years.

Structures says to his secretary: "Get me the computer man. Hello Computer,

this is Structures. I need that computer list."

Computer: "When do you need it?"

Structures: "Yesterday."

Computer: "You can have it in about a year!"

I'd like to make a recommendation right now. Find out who your computer

man is. Get to know him. A railroad engineer is not necessarily a systems engineer

and a systems engineer is not necessarily a railroad engineer. Trying to get these

two aspects of the railroad industry to communicate is, I feel, at best a difficult

task. For example, many members of this audience are excellent judges of track

conditions, but are terrible at picking up errors in computer coding sheets.

We now have a systems engineer to work up our bridge list. Let us find a

structures type to help. Please don't assign someone you want to put on the shelf.

You will regret it later. I would suggest one of the system bridge inspectors. A
bridge inventory system is a "fluid system." It must be corrected and updated as

bridges are repaired, built and retired. Your bridge inspector will have to work

with the system at least several months a year just to keep it current and accurate.

We have assigned a bridge type and a computer type, so we can begin.

Start work on the project by finding out what other railroads and government

agencies have done. The U. S. Department of Transportation, Federal Highway

Administration has published a manual "Recording and Coding Guide for the Struc-

tures Inventory and Appraisal of Highway Bridges." This is a good start. It is always

best to find out what others have done so that you don't duplicate their mistakes.

739
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First, a branch line coding system must be developed if it isn't already avail-

able. Essentially this means attaching a numerical code to each branch or segment
of the railroad. Some railroads prefer to do this by assigning a number to each
stretch of railroad between junction points. Others prefer to number the branches

as designated in the operating timetable. Once this code is set up it can be used
for any project requiring branch line identification.

Second, make the coding sheets as simple as you possibly can. You will have
many different people collecting the data in the field.

Third is the collection of information. The gathering of data is expensive so

get what you need the first time around. It will cost almost as much just to travel

to the bridge in the field as it does to collect the information once you get there.

On the other hand don't collect a lot of trivia.

Fourth, spend enough time to check the data as it comes in from the field.

I suggest building into your computer program as sophisticated an error-checking

routine as there is time to develop.

I am not going to dwell on the nitty-gritty of what computer to use or what
language to write the program in except to state that the program costs should not

be as high as the cost of gathering the data, checking it, and preparing it for the

computer. Watch the computer department. It tends to become an empire in itself

and forgets its purpose is to provide a service to other departments.

Fifth is the output. Once the data is entered into the computer and you have

a good system developed, the output possibilities are endless. For example, a state

agency writes a letter asking for a list of all overhead bridges in that state main-

tained either partially or completely by the railroad. How would you do this now?
This is a one-hour job for the computer.

You are having a problem with a bridge type designed during the 1900's.

How would you find all the bridges on the system designed in the 1900's? This is

a 15-minute job for the computer.

These are but two examples of the questions that can be asked of a well

designed and maintained structures inventory.

Structures Inventory Systems Engineering Experience

Remarks by H. L. CHAMBERLAIN
Senior Engineer, Sverdrup & Parcel and Associates of New York, Inc.

What has been presented up to now is a somewhat idealized version of how
things ought to be. We all know, however, that things don't always work out as

planned; that sometimes the plan is not adequate for the task; that sometimes the

scope of the problem is not fully appreciated.

No outline and discussion of a structures inventory system would be complete

without mentioning current applications as well as the knowledge and the expe-

rience which have been gained from actually designing, implementing and using

such a system. Your present speaker is thoroughly familiar with two structures

inventory systems, one in use on a major northeastern railroad and the other in use

on a large midwestern-based railroad. Admittedly, this is thin coverage of an im-

portant subject but it will serve to illustrate the differences in needs, in approach
to problem definition and in implementation if the two systems are compared.

In discussing these two systems the intent is that of critique. Both railroads

have achieved their original goals, if not necessarily their needs. They have both
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made mistakes and omissions, at least within the subject framework of this presen-

tation. As we shall see, the problem which confronted both railroads and their engi-

neering departments was the elementary one; it was that of defining needs and

goals. In both instances the sights were set too low in attempting problem definition.

As Mr. Glickstein has already pointed out a railroad engineer is not necessarily a

systems engineer and vice versa, but it requires the full application of both disciplines

for a successful effort.

The two key words here are needs and goals. In this particular context the

two words are not necessarily synonymous, for the fulfillment of a current need

may not necessarily mean the achievement of an ultimate goal. This is a point

of crucial importance, for in defining needs and goals the criteria for a data base

are established. The data base, the raw information upon which the system must

work, is the heart of the system and its establishment requires knowledge, expe-

rience and a great deal of forethought and imagination in order to provide the

data necessary to achieve ultimate goals, even if not fully defined at the beginning.

For the sake of brevity and in the interest of clarity the two inventory systems

which are being examined will subsequently be referred to as belonging to Railroad

"A" and to Railroad "B". In making this examination it is again emphasized that

this is a critique, it being one of the charges of Commttee 32 to accumulate and

disseminate experience and information for the benefit of this Association and the

industry.

The inventory system of Railroad "A" was the result of two pressing and

immediate needs; a need for organization and a need for reporting. There were

three large departments suddenly pressed together, each with its own system of

inspection and listing, no two of which were compatible. Such elementary items of

information as what minimum span length defines a bridge, for example, constituted

a source of considerable discussion. It was necessary to define standards, compile

all available information, compare this with what was physically present and pro-

vide a composite, coherent structures list. And during the time this was being done

one of the states through which the railroad operates was demanding the reporting

of various items of information concerning railroad bridges involving state highway*;,

and another state was requiring the reporting of inspection and maintenance infor-

mation for all railroad bridges within that state. The need for an inventory/reporting

system was acute.

Railroad "B" was not moved by this sort of immediacy. Its inventory system

was the result of a desire and need to review and update available information,

compare it with existing facilities, expand the available data through field surveys

and to compile a file of information for structures currently in service. As originally

conceived the system was intended for listing and summarizing purposes only. No
general provision was made for screening and sorting of information for reporting

purposes. This was unfortunate for it had the natural result of limiting the informa-

tion provided and restricting the assembled data base. It was a result of not ade-

quately defining the problem and projecting needs for the future.

Now make no mistake—the accumulation of information and the assembling

of a data base is a formidable task. It is a task requiring a large effort and a large

expenditure of time and money. It need only be done once. It need only be done

once provided there is applied a large amount of study to insure the assembled data

will fit requirements. Foresight and imagination must be exercised to project future

needs beyond current ones and to provide the means for the complete definition and

achievement of future goals. Neither railroad did this sufficiently.
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In designing its inventory system Railroad "A" had two distinct advantages

over Railroad "B". It had the advantages of three original listing formats and the

rationale behind them, and it had the advantage of knowing beforehand that its

system would have to be capable of extracting, sorting and summarizing certain

areas of information for reporting purposes. The data base which was subsequently

built reflects this. Indeed, it soon became apparent that the information contained

in the data base outstripped the system's capability to use it. The system capability

was subsequently expanded to the point where the structures inventory became

an integral and important part of a true management information system.

It should not be inferred that this was the ultimate goal when Railroad "A"

first laid out its inventory system. It was, at the start, purely a parochial effort on

the part of the Structures Department to fit its immediate requirements for organ-

ization and reporting. That the data base which was finally provided was such that

the system could be expanded was in some part accidental, a fringe benefit. That

the system could, indeed, be expanded was not accidental. It was designed to be

modular and flexible. And this is a point as important as is that of an adequate data

base. The design, programming and implementation of a system requires as much
effort and expense as does the accumulation of its data base. It should be set up

in such a manner that additional or modified capability can be plugged into the

main-line programming without having to tear it down and start over again.

Railroad "B" was not so fortunate in having its needs and goals defined for it

by pressures such as were exerted on Railroad "A". As a partial result the imme-
diate need was defined as the ultimate goal, which resulted in a system of somewhat

limited capability and a data base of even more limited scope. It may be argued
that the data base, together with "picker" programs as required to extract certain

information, is entirely adequate for current needs. While this may be true it is not

the point of this discussion. The point is that in expending an effort of the magnitude
we are examining the problem was not adequately defined nor were goals estab-

lished beyond immediate needs. These two factors are key ingredients in the design

and building of a successful inventory system.

There is another area which should be of consideration in providing an inven-

tory system and the accumulation of a data base for it. The consideration is simply

this: who is to use the system and data and for what purpose? Can this system be
used by other than the structures department? The answer, of course, is yes, and
this definitely should be a consideration in the design of an inventory system.

There is no reason that while accumulating information and building a data base

appropriate information cannot be incorporated to fit the needs of other departments
who rely upon reporting from the structures people. Departments such as account-

ing, insurance, valuation, real estate, stores and purchasing, to name a few, would
benefit greatly from access to complete and up-to-date information, to the ultimate

benefit of all.

The recent enactment by Congress of the Regional Rail Reorganization Act
of 1973 points up the critical need for inventory systems, not only for structures

but for all fixed property. It is going to be a herculean task for the FRA to assemble

the required inventory, let alone evaluate it and make recommendations, even if

only for structures. Now, whether the individual railroads should assist or cooperate
in this effort is a moot point. The important point is that, in addition to the indi-

vidual railroad's requirements for management information, there is going to be
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increasing demands for reporting on the part of local, state and federal agencies.

It is strongly recommended that the railroads at least be prepared to furnish the

information.

Railroad "A", for example, has at one time or another been required to make
reports on its structures to Congressional committees, federal court, and over half

the states and several large municipalities in which it operates. Without its original

and expanded inventory system these reports would have been physically impossible

to assemble. Railroad "B", on the other hand, has so far been required to provide

only a minimal amount of reporting. However, the intent to require information has

already been established by some of the states and at least one municipality in

which it operates. Whether this intent will be implemented remains to be seen, but

it appears likely. Depending upon what it is that is required it may well be that

the data base will have to be expanded and the system revamped to fit the need.

To summarize, then, the examination of these two inventory systems points out

the need for adequate problem definition and the establishment of realistic goals

beyond immediate needs. The two systems were chosen only because of the speak-

er's familiarity with them. There are other such systems in use. There are presently

two major railroads in the process of designing, building and implementing struc-

tures inventory systems and others are studying and analyzing the question. It is

hoped tiiat they will take advantage of the knowledge and experience already gained

and which is being accumulated and disseminated through Committee 32. To
reiterate the theme of this presentation: Plan or Panic.

Concluding Remarks by Professor Lewis

The application of systems engineering principles has been illustrated by apply-

ing them to the work of Committee 32 in carrying forward one of its assignments.

We have also discussed some of the problems encountered in real-life situations

which might be overcome with more attention to systems engineering principles. Our
hope is that we have given you some ideas for your own work that will make for

more planning and less panic.
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Grade Crossing Safety Improvement Programs Under

the Federal-Aid Highway Act of 1973
75_648-3

By ROBERT C. HUNTER

Railroads and Utilities Branch

Office of Engineering

Federal Highway Administration

My remarks this morning are on grade crossing safety improvements under

the Federal-Aid Highway Act of 1973. Included are discussions about the available

funding, about funding problems, about types of improvements which can be under-

taken using these funds, and about problems involved in carrying out accelerated

grade crossing improvement programs.

Two years ago at this same meeting, Max Sproles, then executive director of

highway-rail programs of AAR, William Loftus of the Federal Railroad Administra-

tion, and J. E. Kirk, Federal Highway Administration, spoke to you regarding the

Department of Transportation's report to the Congress on Railroad-Highway Safety.

That report, submitted in August of 1972, recommended the establishment of a

National Railroad-Highway Crossing Inventory and Numbering System. Hoy Rich-

ards has just reported to you on the implementation of that inventory and numbering

project. The report to the Congress also recommended that a grade crossing safety

improvement program, on the order of $75 million a year over a 10-year period, be

undertaken, with the objective of improving some 30,000 crossings over that time.

In August of 1973, Congress enacted the Federal-Aid Highway Act of 1973.

Included in Title II of that legislation, which is entitled the Highway Safety Act

of 1973, are provisions which respond to that recommendation in the report to

Congress for a grade crossing safety improvement program.

The Highway Safety Act of 1973 includes two firsts in funding for grade

crossing safety improvements.

Section 203 authorizes, for the first time, funding specifically and exclusively

for improvements to grade crossings located on the Federal-aid highway system

and requires that at least one-half of the funds spent under this section be used

for grade crossing warning devices. Funds authorized under Section 203 total $25

million for fiscal year 1974, and $75 million for each of fiscal years 1975 and 1976.

Section 230 authorizes, for the first time, funding for various types of safety

improvements, including those at grade crossings, for highways off the Federal-aid

system. Funds authorized under Section 230 total $50 million for fiscal year 1974

and $100 million for each of fiscal years 1975 and 1976.

As a minimum, the funds authorized are available for expenditure for a total

of 3M years—from at least 6 months prior to the beginning of the fiscal year for

which they are authorized until 2 years after the close of that fiscal year. Funds

authorized for fiscal years 1974 and 1975 totalling $250 million—$100 million for

Section 203 and $150 million for Section 230—are now available for expenditure.

The Federal share of the cost of projects under this legislation is 90 percent.

Despite the fact that funds are specifically authorized by the law, the legisla-

tion does not actually provide the states with any additional spending ability, at

Note: Discussion open until October 15, 1974.
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this time. For several years, as a means of controlling inflation, the Office of Man-

agement and Budget has limited the amount of funds which can be obligated under

the Federal-aid highway program in any one fiscal year. For example, while the

total funds authorized under the Federal-Aid Highway Act of 1973 total over

$5% billion the states can only obligate a total of $4.4 billion. This requires the

state to develop priorities for the use of the available funds for all types of highway

improvements and for highway safety improvements.

The extent to which an individual state directs these funds for high priority

grade crossing safety improvements depends somewhat on the degree of initiative

and interest displayed by die railroads in that state. Thus, if an individual railroad

is interested in having some of these funds used for high priority grade crossing

safety improvements, it would be advisable for that railroad to work with the

individual states to achieve that objective.

Despite the fact that there is still not guaranteed spending ability exclusively

for highway safety improvements, this legislation certainly constitutes a major step

ahead in the development of federally aided highway safety programs, including

grade crossing safety programs. It places new emphasis on the grade crossing safety

problem, expresses the congressional commitment to solving the problem, emphasizes

the importance of grade crossing improvement programs, and provides the states

with new flexibility in the use of Federal-aid highway funds by permitting those

funds to be used for improving crossings off the Federal-aid system.

The legislation requires that an inventory of all crossings be conducted and

maintained, and that a statewide program of crossing improvements be established

by priority. The Federal Highway Administration has taken the position that the

DOT-AAR inventory will fulfill the requirements for that inventory.

The Federal Highway Administration issued interim instructions to implement

this legislation on December 7, 1973. Those instructions indicated that available

inventory information should, in most cases, permit the states to submit early imple-

mentation construction projects for funding under Section 203 pending completion

of the inventory. There is, of course, much less inventory information available for

those crossings off the Federal-aid system. Completion of the DOT-AAR inventory

will, however, permit the states to set up more comprehensive grade crossing safety

programs, giving consideration to all crossings within the state. Thus, the timely

completion of that inventory should result in greater utilization of the funds avail-

able for grade crossing improvements.

These interim instructions also indicate specific examples of railroad-highway

improvements eligible for funding under Sections 203 and 230. These include:

( 1 ) Installation of standard signs and markings at all crossings.

(2) Installation of new train-activated warning devices.

( 3 ) Upgrading of existing train-activated warning devices, including track

circuit improvements and interconnection with highway traffic signals.

(4) Crossing illumination.

(5) Crossing surface improvements.

Final implementing instructions are now being prepared by the Federal High-

way Administration and should be available in the early summer. These instructions

will emphasize the importance of a program of sign improvements, including both

cross bucks and advance warning signs, which will bring all grade crossing signs

into compliance with the Manual on Uniform Traffic Control Devices. That manual,
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which is the national standard for signing on all streets and highways, requires a

reflectorized cross buck on each highway approach to a grade crossing.

These instructions will also indicate that the states' selection of grade crossings

for improvement should be based on ( 1 ) a ranking of crossings, using each state's

current priority index, ( 2 ) an on-site inspection, and ( 3 ) accident history. The final

instructions should also include a provision that the railroad share of railroad-

highway projects under this new legislation is the same as it is on other funded

Federal-aid highway projects. This was not covered in the interim instructions.

Any discussion of these matters would be remiss if it failed to mention a matter

of growing concern. This concern centers around the large number of vehicle-train

accidents occurring at crossings which already have train-activated warning devices.

Roughly 40 percent of all vehicle-train accidents occur at the 20 percent of

the crossings with train-activated warning devices, most often flashing light signals.

This high accident occurrence is, of course, due in part to the fact that these cross-

ings carry the higher volumes of both rail and highway traffic. However, there is

obviously an opportunity to significantly reduce the total number of grade crossing

accidents by reducing the large percent occurring at the relatively few crossings

with train-activated warning devices.

One most effective way of reducing these accidents is by greater use of auto-

matic gates. Automatic gates have consistently been shown to provide more effec-

tive protection than flashing lights alone. The addition of gates to flashing light

signals can be expected to reduce the probability of an accident by two-thirds

or more.

A year ago, the Federal Highway Administration issued a directive encourging

increased use of automatic gates. This is our policy and we hope it will be

your policy.

Another consideration in the design and installation of train-activated warning

devices which should lead to significant reduction in grade crossing accidents is

the provision of adequate and appropriate track circuitry. Circuitry should be

included which will assure reasonable uniformity in the amount of warning time

provided in advance of the movement of any train over the crossing, regardless

of variations in train speed, and also to avoid operation of the warning devices

when no train movement is to be made over the crossing. Otherwise the motor

vehicle driver loses trust in the warning devices. When this happens, he resorts

tc his own judgement to determine whether a train is coming and the value of the

positive warning of the train-activated device is lost. In many situations the upgrad-

ing of existing train-activated warning devices by the addition of automatic gates

to existing flashing lights or the improvement of the circuitry of existing train-

activated warning devices can be expected to result in a greater improvement in

safety than the installation of new devices at other locations.

There is one further matter that is of utmost concern. That is the ability of

the Federal, state and local governments, and particularly the railroad industry

and equipment suppliers, to respond to the promise of this legislation and complete

the installation of grade crossing warning devices under an accelerated program.

We have been watching the current accumulation of projects for the installation

of grade crossing warning devices with Federal-aid funds which are in the pipe-

line. These are projects for which funds have been obligated, and the work has

been authorized but not yet completed. By our latest count there are over 700

projects in this backlogged status involving a total of $18 million. Well over 100
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of these projects are in one state which has accelerated its grade crossing improve-

ment program over the last 2 or 3 years. What is going to happen if and when

other states accelerate their programs in a similar manner?

When this occurs—when a large number of projects are caught in this back-

logged status—funds are tied up but no safety benefit is being returned. This could

result in funds being directed to other types of improvements. The realization of

the promise of this legislation hinges on whether the warning devices can be

installed in a timely manner.

There are many reasons for the time involved in getting signals installed. These

include the paperwork requirements of the Federal Highway Administration, the

states and the railroads. We are convening a task force next week to initiate the

revision of our railroad-highway directives, Policy and Procedure Memorandums
21-10 and 30-3. One of the objectives of that task force is to revise those directives

so as to facilitate and encourage accelerated programs.

This will include added attention to the use of master state-railroad agreements

with amendments, supplemental arrangements for individual projects, added emphasis

on the alternative of contracting for the design of grade crossing warning devices

and also on contracting for the installation of those devices.

Once the initial work of the task force has been accomplished, we will follow

normal procedure and be inviting the views of representatives of the railroad indus-

try, the states and our field offices in the review of the revised directives.

It appears that major problems in getting signals installed are in the areas

of design, manufacture, and delivery of materials and in the actual installation.

It is suggested that the individual railroad companies and the individual states

get together to develop and agree on a list of grade crossing improvement projects.

As the inventory is completed and priority rankings are developed this becomes a

most important step. This will permit some planning and scheduling for the design,

procurement of materials, and installation. The resulting increased lead time should

help to accelerate the design and installation process.

Thus, efforts are now underway to shorten the time frame for getting signals

installed from the standpoint of our requirements. It is sincerely hoped that the

railroad industry, and the suppliers will be able to resolve their problems to permit

acceleration of the design and installation process. The success of an accelerated

grade crossing safety program depends on your doing so.

In summary then:

( 1 ) Funds are now available.

(2) The states must establish priorities and select projects for improvement.

(3) A display of interest on the part of the railroads, completion of the

inventory, and the ability to accelerate the design and installation proc-

ess, should result in greater utilization of available funds for grade

crossing improvements by the individual states.
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Long-Span Glued-Laminated Railroad Bridges
75-648-4

By JAN W. WYNAND
Chief Engineer, Koppers International Canada Limited

First of all I should like to thank the Chairman of Committee 7, J. J. Ridge-

way, for his kind invitation to talk to you at the Technical Conference of this

Association about long-span glued-laminated railroad bridges. It is indeed a great

honor for me to be here today, and I am very pleased to have this opportunity of

passing on to you some background information and data about these bridges.

After having designed and supplied a considerable number of glued-laminated

road bridges since 1951, my company was asked in 1961 by MacMillan Bloedel,

Canada's largest forest products company, to design and supply its first glued-

laminated railroad bridge. This structure was to replace a giant log A-frame struc-

ture over the Nanaimo River on Vancouver Island in British Columbia, Canada,

which had supported one of the few logging railroads then in existence, but which

had just been destroyed by a very severe freshet flood. In order to get the loggers

back to work as soon as possible and to minimize any shortage of logs for the saw-

mill, immediate action and the use of readily available material was most important.

Because of the simplicity of design and erection, and the availability of the

material, the new glued-laminated and pressure-creosoted bridge was in use within

two months after the destruction of the first one. As it turned out, we ended up
with a rather large span, considering that this was our first glued-laminated railroad

bridge; the overall length of each of the four clear span girders was 110 ft. This

was also the first time we used glued-laminated girders of I-beam cross section,

providing greater economy and lighter weight to facilitate erection. The design

load was E 50.

Word got around, and one year later Harry Minshall, at that time consulting

engineer for another E 50 logging railroad bridge, owned by Canadian Forest Prod-

ucts, decided after detailed studies on initial cost, maintenance, erection and time

available for design, fabrication and installation, to use the same material which
had proved so successful on the Nanaimo River project. There was only one dif-

ference: this time, due to the difficult site topography, some 145 ft above the bot-

tom of Groves Creek, the design span had to be 130 ft. The challenge was met
and this second major installation of a long-span glued-laminated girder bridge

was also completed ahead of schedule to the entire satisfaction of the owner and
its consultant.

In 1963, Mr. Minshall became chief engineer of the Pacific Great Eastern Rail-

way, now the British Columbia Railway, just at the time when a major expansion

of the railroad system into the northern part of British Columbia had been decided

upon by the provincial government. A considerable number of bridges in the 30-ft

to 100-ft span range was needed for this expansion and Mr. Minshall was convinced,

on the basis of his recent experience with the installation of the Groves Creek

Bridge, that long-span glued-laminated girder bridges would be the best answer to

the railroad's requirements. His main considerations were initial cost, simplicity of

design and erection, quick delivery and low (or no) cost of maintenance. His

Note: Discussion open until October 15, 1974.



Address by Jan W. Wynand 749

Cale Creek Bridge on the British Columbia Railway.

engineers, in particular Geoffrey Parker, developed standard span designs in close

cooperation with my company, which helped greatly to keep construction on sched-

ule. The design load at that time was E 55.

The railroad's first laminated girder bridge, die Merton Creek Bridge, was built

in 1965, with a single 80-ft .span. In die same year, another laminated bridge was

completed, the Stone Creek Bridge, with a 45-ft span. In 1966, six laminated

bridges were constructed—four of them with an 80-ft span, the other two with a

102-ft span. The following year, only two laminated bridges were built; however,

while one featured a single 102-ft span, the other consisted of three main spans

varying from 80 to 90 ft, with a 30-ft approach span at each end and an overall

length of 318 ft. This bridge, the Cale Creek Bridge, was also unique in featuring,

for the first time, long, large-size glued-laniinated tower bents. After detailed cost

studies, these bents proved to be considerably more economical than their conven-

tional forerunners made of sawn timber. Only two of these large-size, full-length,

laminated legs did the same job as 42 sawn 12 x 12's (i.e three bents of seven

pieces each, in two tiers, one over the other) would have done. Not only were

these new laminated bents more economical but they were also much preferred by

the designing engineer who could, at last, determine the lateral bracing system for

these bents with confidence.

Since then, many more long-span glued-laminated girder bridges have been

built each year, among them quite a few multiple-span bridges featuring laminated

bent towers similar to the Cale Creek Bridge. A few years ago, the design load

was increased to E 6Q

When M. S. Wakely, formerly with Canadian Pacific Limited, took over as

chief engineer in 1970, after Mr. Minshall's retirement, he fully endorsed the B.C.

Railway policy of utilizing laminated timber for their bridges, with the result that

six bridges were built in 1971, ten in 1972 and six in 1973.

At the present time, the British Columbia Railway has 38 glued-laminated,

pressure-creosoted bridges in use, incorporating thirteen 30-ft spans, one 37-ft span,
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The glue-lam main-span girders of this bridge on the B.C. Railway are 104 ft long.

nine 45-ft spans, fifteen 67-ft spans, nine 82-ft spans, eleven 90-ft spans and ten

100-ft spans. There are four laminated girders in each span and if all the girders

were put in a single line, they would stretch for approximately 18,500 lin ft, or

3.5 miles. This amounts to well over three million board feet of glued-laminated

timber used in the bridges owned by the B.C. Railways alone. Two more bridges

are being manufactured right now, with many more to come.

One of Canada's two major railways, Canadian Pacific Limited, built its first

laminated girder railroad bridge in 1971, designed for E 70 loading. It is also inter-

esting to note that in British Columbia alone, since 1952, the B.C. Forest Service

has built approximately 105 glued-laminated girder bridges, private logging com-

panies and industry have built approximately 110, and the B.C. Department of

Highways and municipalities have constructed approximately 65. Many of the log-

ging bridges have been designed for truck and trailer loads of 300 tons which ex-

ceeds the heaviest railroad loading in the span range up to 100 ft.

In summary, there are well over 300 glued-laminated pressure creosoted girder

bridges in service today in British Columbia, from 30-ft up to 150-ft spans. Surely

this record implies adequate design, satisfactory performance and sound economics.

I have been asked by Mr. Ridgeway to avoid technical details, because the

time allotted to this presentation simply does not permit their inclusion. Therefore,
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I can only suggest to those who would like to get more detailed design information

on these structures that they should write to me or to Don Barth of my parent

company, Koppers Co., Inc., in Pittsburgh, Pennsylvania. We shall be only too

happy to assist you in any way we can.

It can be said that a large number of pressure-creosoted glued-laminated girder

bridges are being built in British Columbia for many good reasons:

1. They are low in initial cost.

2. They are practically free of maintenance for at least 40 to 60 years.

3. They are delivered to the jobsite within three to six weeks after receipt

of the order.

4. They are easily installed with lighter equipment and fewer skilled workers.

5. They can be conveniently and economically strengthened for increased

loading.

6. They can be readily dismantled and moved to new site locations.

Many improvements in the design and manufacture of these structures have

been accomplished during recent years, so that railroad engineers can specify

pressure-creosoted, glued-laminated girder bridges widi full confidence in their

economy and performance.

In closing I should mention that I am sure Mr. Wakely of the B.C. Railway,

who is here today, would be quite happy to let those who are interested have a look

at these bridges.

Manpower and Employment Service Programs for

Military Veterans and the Railway Engineering

Profession
75-648-5

By ROBERT J. BROWN
Director of U. S. Employment Service

U. S. Department of Labor

I am pleased to be here with you today to share some thoughts about how
all of us can help our deserving veterans by finding suitable jobs for them—jobs

that are rewarding and permanent.

As you may know, there has been a substantial decrease in die number of vet-

erans returning to civilian life each month since the halt in Vietnam hostilities for

the United States. We have gone from about 1 million military separations annually

to about half a million anticipated for the fiscal year ending June 30, 1974. How-
ever, we can't rest on our laurels in the belief that there are no more employment
problems for the young returning Vietnam-era veteran. The latest unemployment
figures for Vietnam-era veterans—which show jobless rates among some veterans

groups at about double the national average in both January and February 1974

—

indicate this problem is far from solved.

Note: Discussion open until October 15, 1974.
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This problem of high unemployment for some groups of Vietnam-era veterans

is one that can only be resolved by joint cooperative efforts and programs of both

government and industry. We hope and anticipate that the railroad industry will

be part of this joint endeavor.

As you know, the Nation's railroads plav a vital role in the economy of this

country. With more than a half-million employees—the number rose a little last

year—railroads still represent one of the more significant sources of employment
for American workers. The fact that a large proportion of railroad workers are in

skilled and well-paying jobs, indicates that the industry is a desirable career choice

which should be explored by workers entering or reentering the labor market, includ-

ing newly-discharged Vietnam war veterans. This belief is confirmed by the fact

that, in the very extensive and successful apprenticeship training programs under-

taken by the railroads, the completion rate of enrollees is unusually high, in part

perhaps because of the relatively high rates of retirement of journeymen and recog-

nized opportunities for advancement among workers who have entry level jobs in

the industry.

Our best estimates suggest that there will indeed be jobs for new railroad

workers over the next dozen years or so, despite the widespread publicity which

has been given to the long-term downtrend in industry employment in the past.

But these too-well publicized employment declines represent net figures, and do not

take account of the amount of hiring which is needed to replace workers who are

leaving the industry because of deaths, retirements and other reasons.

Among key occupations in the industry, according to projections developed

by the Labor Department's Bureau of Labor Statistics, additional hiring will be

needed in 7 of 10 key occupations over the next dozen years to replace deaths and

retirements, even assuming the recent overall employment downtrend in railroad

employment continues.

These BLS projections, which were released around the turn of the year,

cover the period from 1972 to 1985, and do not reflect possible improvements in

railroad job opportunities which may result from the energy crisis. They also do not

take account of interoccupational mobility, such as the possible movement of fire-

men into locomotive engineers jobs, or replacement needs to cover job changes

other than those resulting from workers who leave the industry because of deaths

or retirements.

Here is the way the BLS sees annual needs to replace deaths and retirements

for the 7 occupations which will require some added hiring between 1972 and

1985. Remember, some of these job slots may be filled by interoccupational

transfers.

Railroad clerks -f 2700 per year to 1985

Locomotive engineers -f- 1000 per year to 1985

Skilled shop trades + 900

Track workers -f- 900

Conductors + 700

Brakemen -+- 400

Bridge and building
occupations + 200

No added hiring is expected to be needed to maintain needed job levels for

station agents, and a downturn is looked for among telegraphers and towermen and
for locomotive firemen.
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These statistics emphasize, I think, the kind of contribution that railroads can

make in resolving our veterans unemployment problem. And, based on our expe-

rience with the returning Vietnam-era veterans over the past few years, we believe

they can in turn contribute to the maintenance of the outstanding records that the

railroads have registered in the past two decades in terms of increased productivity

of industry management and workers. Not too many people on the outside appear

to have been aware that productivity in the industry has increased at a rate of

about 5 percent per year from 1958-1972—a rate far higher than the national aver-

age—and that this has been a key factor in the continued high level of railroad

operations despite a net decline in railroading employment.

As I mentioned earlier, the total numbers of veterans returning to civilian life

has been decreasing in recent years. By 1973, as a result of joint government and

industry programs, abnormally high unemployment rates were concentrated mainly

among 3 groups of veterans. Our present program efforts are, therefore, targeted

on them.

Unemployment rates for young veterans—in the 20 to 24 year age range

—

averaged 8.9 percent in 1973, compared with a 6.8 percent rate for their non-

veteran counterparts in the same age group. In January and February 1974, jobless

rates for such veterans had again climbed over 10 percent.

The extreme difficulty faced by disabled veterans—the handicapped—in obtain-

ing jobs is shown by their unemployment rate estimated by some groups at about

14 percent. We don't have complete and comprehensive data for this group, but

there is not indication there has been any improvement in their situation in

recent years.

The third group of veterans to whom special help must be directed are minority

groups.

Some of the unemployed young, handicapped, or minority group veterans will

require training before they are job-ready. This can be provided through govern-

ment or industry programs, but all of them need or will need jobs.

I submit to you that the most important thing anyone can do for a fellow human
being is to give him a chance to earn a decent living. Give him the opportunity to

hold down a good job and bring home enough pay so he can hold his head up!

To do just that—to help find jobs for veterans—the President initiated the

"Jobs for Veterans" effort in October 1970, by appointing a National Jobs for

Veterans Committee, composed of 100 leaders of business, labor, government, vet-

erans groups, and community organizations. Its mission was clear-cut; it was to alert

the country to the employment needs of returning veterans.

Since 1970, the Jobs for Veterans Committee has launched widespread promo-

tional activities and stimulated action in more than 500 cities in all 50 states. The
governors in 26 states and the mayors of several hundred cities have established

Jobs for Veterans Task Forces to carry on this program. Job Fairs have been held

to bring prospective employers and veterans together. There have been special

community veterans promotional activities. The National Advertising Council has

produced an outstanding series of TV, radio, newspaper, magazine and billboard

ads. You've probably seen and heard many of them, particularly the recent ones

on disabled veterans.

To assure continuity of this program, the President recently announced that

functions of JFV would be transferred to permanent organizations. Many of these

functions will be assumed by the National Alliance of Businessmen (NAB) on April

1, 1974. NAB's responsibilities will include conducting an all-media information
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campaign to encourage jobs for veterans as well as sponsoring "job information

days" throughout the country. Also on NAB's agenda will be the co-sponsorship,

along with the Department of Defense, of job information fairs in overseas locations

for soon-to-be released servicemen and women.

The Department of Labor will provide leadership and support services to the

JFV Interagency Committee composed of the Departments of Labor, Defense and

Commerce; the Veterans Administration; and NAB. Continued liaison with gover-

nors' and mayors' JFV task forces will also be handled by the Department of Labor.

We in the Manpower Administration, along with the Federal-state employment

security agencies, will continue as the major operational arm of the program, work-

ing closely with NAB and the Veterans Administration.

Coordination of the 18 Federal agencies participating in the President's Vet-

erans Program (PVP)—of which JFV has been an integral part—continues with the

Secretary of Labor. What is PVP? Well, it really started in June 1971, when the

President charged the Secretary of Labor with leadership responsibility for a six-

point program to close the gap between the unemployment rates of Vietnam-era

veterans and nonveterans of the same age group. This closing of the gap has been

coming very close to the target. In fact, the January 1974 BLS figures show that

both veterans and nonveterans in the 20-34 year old age group had a 5.2 percent

unemployment rate.

In terms of the total veteran population, the gap between veteran and non-

veteran unemployment has been closed; and our job under PVP has been accom-

plished. However, as I noted earlier, the 20 to 24-year-old veterans needed extra

help because their unemployment rate in 1973 was 8.9 percent, which was very high,

but in January 1974, their rate jumped to 10.6 percent. Obviously, we can't

stop now!

Getting back to what I said before, we all must work together to help diese

veterans. Most of them are eager to work, and in the military service they have

learned the values of discipline and teamwork. Many of them have also learned

skills that are valuable in civilian jobs. Others have completed college or vocational

training under GI Bill benefits and are entering the labor market as highly qualified

candidates for employment

For those Vietnam veterans now on the job, the energy situation represents

another element of uncertainty. This energy problem has so far affected many
industries—from auto manufacturers to airlines, from plastics firms to trucking.

If job reductions and layoffs are found to be necessary, most employers normally

retain, if possible, the older and more experienced workers. The jobs of the younger

and most recently hired workers, including younger veterans, may therefore be in

jeopardy.

I said I would try to share with you some ideas on how we can all help find

jobs for veterans. It really has to start with those that have the jobs, the employer

community.

Government—Federal, state and local—has, of course, been able to hire sub-

stantial numbers of veterans. Many of these have achieved status as regular em-
ployees, who are generally entitled to preference in examination ratings and some
security against layoffs. In addition, some veterans can be employed on a temporary

basis under emergency public service employment programs. However, only private

industry can provide the numbers and kinds of jobs that will greatly reduce the

disparity between the unemployment rates of target-group veterans and those of

nonveteran males in die labor force.
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So, what can you do? I think it all starts with attitude and persistence. We
have to really feel that hiring veterans is good for getting our jobs done and then

we have to keep plugging that idea. What we're asking you to do is try a few

veterans in a few jobs. I know they will do a better overall "selling of themselves"

than can be done by all the media and advertising in the world!

Where do you start? Where do you find these veterans? Well, one starting

point is, of course, the public employment service system, operated by state employ-

ment services affiliated with the Department of Labor. Each state agency has a

specific mandate to provide placement and counseling services for veterans. There

are approximately 2400 local employment offices operated by these state agencies.

Each local employment service office has at least one staff member who is a special-

ist in veterans employment matters.

It is the policy of the Department of Labor and the United States Employment

Service to see that each of the affiliated state employment services gives priority

to equally qualified veterans over nonveterans in referrals to job openings and train-

ing opportunities. In addition, all disabled/handicapped veterans receive preferen-

tial treatment over other veterans by all such offices.

What does this mean to you? It means that when you need help in recruiting

veterans to fill your jobs, you should call your nearest state employment service

office. No matter what kind of jobs you have to offer or the number of people you

need, chances are good that they can help you. Because of the veterans preference

referral policies I've mentioned, and the fact that the employment service usually

has a large proportion of veterans in its applicant files, qualified veterans are likely

to be available for, and referred to, listed job openings.

As many of you may be aware, all contractors and subcontractors with Federal

contracts of $2,500 or more are required to list all suitable job openings with the

Federal-state employment service system, under the provisions of the Vietnam-era

Veterans Readjustment Assistance Act of 1972 (Public Law 97-540). This Act

also requires that employment service offices give priority, in referral to listed job

openings, to qualified disabled and Vietnam-era veterans, and that contractors and

subcontractors give special emphasis to such veterans in filling their job openings.

An important element in assisting veterans is to provide those who need it

with the training which will make them job-ready. Up to this time, there have been

a variety of Federal training programs based on large numbers of separate con-

tracts. With the start of manpower revenue sharing, as authorized by the recently

enacted Comprehensive Employment and Training Act, this program will be mod-

ified, with funds going to cities, counties and state governments, for manpower train-

ing needs as perceived by mayors, county executives and governors, and the state

and local manpower planning councils. It is essential that jobs be available for

veterans who receive training under such programs.

In conclusion, let me say again that we need to do what Congress has resolved,

what the President has decreed, and what the veterans themselves have earned by

their service to the country. We need to make sure that veterans' preference is a

reality—that it gives veterans the "leg up" they so clearly merit. I am sure that

there are many veterans in this room who have received some sort of veterans'

preference or benefits in getting started on their careers. Just remember how much
the additional veterans consideration meant to you and your future, and try to give

an equal opportunity to the present generation of veterans.
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Burlington Northern Line Change Wins Bridge Awards

75-648-6

By

B. G. ANDERSON

Assistant Vice President—Engineering

Burlington Northern, Inc.

and

N. E. EKREM

Director—Bridge Engineering

Burlington Northern, Inc.

Remarks by Mr. Anderson

The Spokane line changes, one of the largest and most important projects in

Burlington Northern's brief history, had its roots in the merger that joined the Great

Northern, the Chicago, Burlington & Quincy, the Spokane, Portland & Seattle, and

the Northern Pacific into Burlington Northern, Inc.

In the studies made preliminary to the merger, one of the important decisions

was the determination of which of the new company's lines were to be the prin-

cipal through-freight routes, and the most important single item in this determina-

tion was the selection of the transcontinental route. The alternates available for

consideration were the main lines of the G.N. and the main lines of the N.P., St.

Paul, Minn., to Seattle, Wash., and at the west end, the S.P.&S.-N.P. route, Pasco,

Wash., to Portland, Ore., through Seattle. These alternates were compared on the

basis of the grades and distances and on an economic analysis of the traffic sus-

ceptible to rerouting over the preferred route. The final choice settled on the N.P.

main line, St. Paul to Casselton, N. D., the G.N. main line, Casselton to Sandpoint,

Idaho, back to the N.P.'s line, Sandpoint to Spokane, Wash., and finally, the G.N.

line, Spokane to Seattle.

The selection of the N.P. line as the part of the preferred transcontinental

route from Sandpoint to Spokane for a distance of only 70 miles may not seem very

obvious when the construction of the expensive connecting tracks is considered.

Actually, apart from the somewhat better grades and shorter distance on the N.P.

line, there were two compelling reasons for the selection: first, the only suitable

location for the expanded up-to-date yard needed in the Spokane area was situated

adjacent to the N.P. at Hauser, and second, the N.P. line through Spokane was on

an elevated grade separated from street crossings, whereas the G.N. line crossed

several important streets at grade and was the subject of many complaints due to

delays to automobile traffic. So, upon activation of the merger, the construction of

connections between the tracks of the N.P. and of the G.N. at Sandpoint and

between the G.N.-N.P. and the S.P.&S. on the west side of Spokane became an

immediate priority item.

Before merger, G.N. gained access to Spokane from the east via its main line

passing through Sandpoint to Hillyard, which was the location of its terminal and

main yard; to the depot area on Havermale Island; and then west to Seattle by way
of Fort Wright.

Note: Discussion open until October 15, 1974.
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Portion of Latah Creek Bridge over deepest part of the canyon.

The six deeper spans are 160 ft long.

The N.P. gained access to Spokane from the east via its main line which also

passed through Sandpoint; to Parkwater, which was the location of the terminal

and main train yards; and then west to Seattle by way of Marshall and Pasco.

The S.P.&S. reached Spokane from Portland and Pasco on the west. The S.P.&S.

tracks connected to the N.P. at Scribner and to the G.N. at Fort Wright. From these

points the S.P.&S. used the old N.P. and G.N. lines into Spokane.

For the new connection needed on the west side of Spokane, several feasible

routes were developed during the merger study and afterward. One of these pro-

posed construction of a connection track starting on the east at about 4th Ave. in

Spokane and, after crossing the Latah Creek Canyon on a long, high bridge, con-

necting by means of a wye connection to the G.N. on the north leg and to the

S.P.&S. on the south leg. A second proposal involved use of the N.P. line west-

ward from Spokane to Tyler at which point construction of a new 10-mile line to

the vicinity of Edwall on the G.N. was proposed. A third proposal involved use of

the N.P. line westward from Spokane to Cheney, upgrading the branch line tracks

between Cheney and Espanola, and constructing a new connecting track at Espanola.

Initial costs of construction favored either one of the last two alternates by sub-

stantial amounts, but consideration of future operating costs swung the decision to

the Latah Creek bridge route. This route provided large economies by shortening
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Placing one of the 80-ft prefabricated steel box girders for the Latah Creek Bridge.
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Deck for Latah Creek Bridge under construction.

distance and by eliminating excessive rise and fall which resulted in savings in

operating expense and in time.

Subsequently it was determined that the greatest economies could he obtained

from supplementing the Latah Creek bridge line with a line change between the

west end of the bridge and Lyons. This line change required construction of 5.5

miles of track from which was gained a saving of 4 miles of distance plus eliminating

several sharp curves and a long wet tunnel.

So, as it finally developed, the Latah Creek line called for construction of a

bridge over Latah Creek more than 200 ft in height at the crossing of the creek

and 3,968 ft in total length, including the north and south legs of the wye; con-

struction of a 5.5-mile-long line change; and construction or major alterations of

11 other bridges, one of which was the major structure over Indian Canyon.

Associated with the Latah Creek project were two other connecting tracks, one

at Mission Ave. on the east side of Spokane requiring a bridge across the Spokane
River which provided the connection between the old G.N. main line and the N.P.

line in Spokane to permit direct access to important industries around Hillyard and
to branch lines to the north, and second, the connection at Sandpoint, needed to

facilitate movement from the Great Nordiern line on the east to the N.P. line going

west. Both of these connections included a major bridge.

Total cost of the project was approximately $18,800,000.
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Indian Canyon Bridge.

One of the first actions of the merged company after the merger was effected

on March 2, 1970, was to set in motion the construction of the connections at Sand-

point and Spokane. The initial action taken by the Engineering Division was to

obtain preliminary design concepts and proposals for the Latah Creek bridge from

two well-known consulting engineering firms. These proposals were to meet aesthetic

criteria as well as the usual functional and economic criteria so as to avoid local

objection to the project as much as possible.

The aesthetic features of the bridge had been the subject of preliminary dis-

cussions with the city of Spokane for several years prior to the merger. The city

has what is known as the Allied Arts Advisory Committee whose functions include

review of proposed construction in the city to assist in obtaining structures that are

architecturally and visually pleasing. This committee at several times over the years

had expressed concern that the railway company might want to build a steel viaduct

type structure similar to two other railroad bridges crossing the Latah Creek canyon.

They felt that the location of the proposed connection, which was in close proximity

to and would, to some extent, tower over the reinforced concrete multiple-arch high-

way bridge carrying Sunset Boulevard and the reinforced concrete girder span bridge

carrying Interstate 90, as well as the scenic nature of the adjacent landscape,

demanded a structure that would be harmonious and well-proportioned. Since the
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Construction view of Indian Canyon Bridge.

committee had behind it the city's zoning ordinance requiring special approval to

build structures at greater than 150 ft in height, it was deemed expeditious to

emphasize good appearance so as to promote quick approval and also to present a

cooperative attitude to the city.

As the scheme for the Latah Creek crossing developed, it turned cut that the

City of Spokane on its side had interests that promoted its coopera.ion in the project.

The removal of the G.N. tracks in the downtown area, thus eliminating the busy

grade crossings of important streets, was a basic interest. In addition, the city had

in its plans a proposed World Fair type of Exposition, the location of which was

considered to be most suitably situated in the vicinity of the G.N. depot on Haver-

male Island. In 1970, the cuy was looking forward to holding its Exposition in

1974. Making the Havermale Island property available for construction of Exposi-

tion facilities in 1973 was greatly desired by the city and this situation provided

a target date for completion of the project.

Within a week after merger, a delegation of Spokane's top civic and business

people called on Burlington Northern officers in St. Paul to ascertain the merged

railroad's plans as to progressing the Spokane project and io request the railway

company's cooperation in coordinating its completion date for the project with the

planned Exposition date. As a result, it was agreed that the target date for the

completion of the Spokane project would be March 1, 1973.
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Another construction view, Indian Canyon Bridge.
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It was obvious that the project had more than the normal share of potentially

sticky and time-consuming negotiation problems for permits and right-of-way so

that the cooperation of the city was welcome and desirable.

In addition to crossing the scenic Latah Creek gorge and Interstate 90, the line

passes along the edge of a high-class residential area, cuts across the corner of

Indian Canyon Park and Golf Course, cuts across the corner of Greenwood Ceme-

tery, crosses the city's Palisades Park and crosses the State of Washington's River-

side Park. We had to have the cooperation of the city to accomplish these crossings

and because of their interest in the benefits obtainable from the project, we had

this cooperation from the start.

As it turned out, the cooperation of the city was sufficient to obtain all approvals

in advance of construction dates. We feel fortunate that the city's interests cor-

related with those of the railway company. Otherwise the great number of nego-

tiations required very possibly could have required several years to complete under

normal circumstances.

The concepts for Latah Creek bridge as developed by the consulting engineers

were presented to the railway company in April 1970. Both of the firms, after

reviewing a number of possible alternates, recommended use of welded box girder

spans supported on reinforced concrete piers. The Howard, Needles, Tammen &

Bergendoff concept was finally selected because appearance and economy were pro-

moted by use of continuity in the girder spans and by use of weathering steel. In

the 3,900-ft-plus bridge, 7 sets of continuous spans were proposed, each set having

from 4 to 6 spans. The longest span lengths proposed were the 160-ft spans over

the canyon. In addition, the concrete deck was proposed to act compositely with

the box girder sections in carrying loads, and the girder spans were curved to suit

the curved alinement of the track.

Howard, Needles, Tammen & Bergendoff provided several renderings of their

proposals for use in our discussions with the city of Spokane. The renderings were

of great help in explaining the bridge project to the Allied Arts Advisory Committee

and resulted in complete approval of the project by the city.

Following the decision to set the completion date of March 1, 1973, we set

about drawing up schedules to determine how that date could be met. These

schedules were first made in the form of a set of bar charts, one for each of the

major components of the project; i.e., Latah Creek bridge, the work on the east

approach to the Latah Creek bridge, the line change to the west, Sandpoint connec-

tion, and the Mission Avenue connection. These schedules made it clear that the

Latah Creek bridge was the key item in the project and that it was necessary that

the bridge construction get underway in January 1971.

Preparation of plans for the project was divided between the consulting engi-

neers and the railway company's Engineering Division. The Engineering Division

took on as much of the work as could be squeezed into its programs; this included

plans for three of the grade separation structures, for the Spokane River bridge on

the Mission Avenue connection and for the Sand Creek bridge on the Sandpoint

connection, as well as for all the grading work. Plans for the Latah Creek bridge,

the Indian Canyon bridge, and the three grade separation structures just to the

west of the Latah Creek bridge were prepared by Howard, Needles, Tammen &
Bergendoff. Plans for the three grade separation structures at the west end of the

line change were prepared by Bovay Engineers. Plans for roadway revisions and
utility line changes were prepared by the City of Spokane.
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A large part of the work on the project was accomplished by contractors. A
total of 13 separate contracts were involved for bridge construction, grading work

and street and utility alterations. Company forces did the track laying work, signal

work and communications work, as well as building the temporary bridge required

to permit vehicular traffic to operate through the shoofly necessary in the recon-

struction of the bridges at 4th and 5th Avenues.

Almost all the various components of the scheduled work were done in

accordance with the schedule. One notable exception occurred in the fabrication

of the box girder units for die Latah Creek bridge where the fabricator fell behind

schedule about 7 weeks, primarily because no one had correctly forecast the time

necessary to carry out the very large amount of welding involved. This loss of time

was made up by the prime contractor in his work of installing the concrete deck

slab. His preliminary schedule for this work provided some slack which could be

taken up by provision of additional prefabricated curb and sidewalk forms, thus

allowing for almost continuous pouring of concrete and permitted completion of

the project on December 1, 1972, three months ahead of schedule.

A geologic survey and a soils investigation program was carried out to aid

design work and to confirm that foundations satisfactory for continuous-span bridge

structures would be available.

The line is located in an area that is scenic and to maintain a harmonious and
blending condition, those embankment and cut slopes visible to the public were

reseeded and landscaped. Reseeding and landscaping has now become almost a

standard on our other new line construction projects, but this was one of our first

experiences and it has worked out well.

The bridges over Latah Creek and Indian Canyon have been awarded six dif-

ferent prizes in all. Mr. Ekrem is going to tell you in more detail just how these

bridges and the other bridges on the connections were designed and constructed.

Remarks by Mr. Ekrem

Time will not permit a discussion of the 14 bridges involved in the Spokane
connection and I am going to limit my talk to the most complex one, the bridge

across Latah Creek.

Mr. Anderson has touched on the aesthetic considerations, concept studies,

need for permits including meetings with others, and the extremely tight time

schedule. I will attempt to cover some of the important design considerations and
interesting fabrication and construction techniques that made completion on schedule

a reality.

Structural steel was selected for the superstructure because it offered greater

economies and would require less construction time than concrete. A-588 steel was
used which resulted in a saving in the total weight of steel on account of its higher

strength. Additional savings were realized since painting was not required.

By utilizing continuity over several piers, together with a composite concrete

deck, longer spans could be used and still stay within AREA deflection limits. Span
lengths up to 200 ft were considered for the main canyon spans, but a length of

160 ft was chosen to limit lifting weights of the sections, and to minimize clearance

problems in shipment.

Preliminary substructure data which had been developed for construction of

the two adjacent highway bridges were available from the Washington Highway
Commission. This together with known geology of the region indicated we would
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encounter Columbia River Basalt at varying depths, interbedded with, or overlain

by, the Latah Formation, which is a hard non-plastic clay or shale; and there would

also be sand and gravel layers deposited as outwash from glaciers in the Pend

O'Reille Lake basin. Our later borings and soil tests substantiated the competency

of the gravel and clay formations and we proceeded with design of piers on the

basis of using spread footings with minimal concern about adverse settlement. Inci-

dentally the superstructure was designed to withstand 1 inch of adverse settlement.

To eliminate uplift due to overturning forces, footing width of fixed piers ap-

proximated £ of the structure height. Hollow pier shafts, as well as H-type shafts,

were considered, but in the final analysis, solid shafts having a batter of 1:48 were

selected as being most compatible with the box girder superstructure. Six-inch-

diameter pipes to carry drainage from the deck and pier tops were carried through

the body of the shafts to avoid having unsightly plumbing hanging from pier faces.

The general contractor, Hensel-Phelps Construction Co., provided special steel

forms for the pier shafts, designed to allow rapid resetting and reuse. They utilized

exterior trusses to completely eliminate the need for interior ties. Each of the side

sections had the 1 to 48 batter along one edge, the other being square. The panels

were placed in wrap-around fashion with the sloping edge lining up with one

corner and the opposite end extending beyond the other corner. The forms were

48 ft high, allowing for pours approaching that height when necessary. Burlap cur-

tains were draped from the bottom of the forms which, together with a spray sys-

tem, provided good curing conditions for concrete already placed. Access to the

forms and concrete pours was by tower scaffolding which approached 180 ft in

height.

Permission to use steel forms was contingent on avoiding rust staining the con-

crete. Some staining did occur and the contractor elected to sand-blast clean the

pier shafts using a soft grit sand. To protect against staining from possible drainage

from the A-588 steel before it attained proper oxidation, the pier shafts were given

a coat of a wax-base spray.

A railing was placed around the top of piers to protect engineers while laying

out lines for anchorage as well as workmen setting girder bearings. Men were

hoisted to the pier tops by crane to perform these duties.

For the 160-ft-long spans over the main canyon, 8-ft 6-inch by 12-ft 6-inch

box girders were used. For all other spans, which ranged in length from 70 ft to

130 ft, we used a 7-ft by 7-ft box. Structural steel was fabricated by Kansas City

Structural Steel Co.

Quality control was extremely essential for this project and we set up rigid

requirements botii for weld inspection and shop assembly. Representatives of our

engineering staff, our design consultants—Howard, Needles, Tammen and Bergen-

doff—our inspection agency—R. W. Hunt, and the fabricator held several meet-

ings as fabrication progressed to make sure all specification requirements were thor-

oughly understood.

Shipment of the 48 girder sections from Kansas City to Spokane was by rail.

A fleet of cars was assigned to this service to avoid delays. The size of some units

required very close clearance checks and some special handling enroute.

Erection on the short piers was not much of a problem. The lifts were not

high and abutment and pier tops were readily accessible for landing girders on

bearings.
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For longer spans, shipping and weight limitations dictated partial span length

sections. Still nodiing out of the ordinary was encountered in erection except that

very precise measurements had to be made for locating and setting girder bearings

in advance of girder erection.

To provide ample erection clearance in placing die closure section, the erector

deflected the pier shafts a sufficient amount and after the center section was in

place he allowed the piers to spring back and made up the joint. All of this re-

quired very careful planning and needless to say precise execution.

Rack and pinion type bearings were used to take care of thermal expansion

and live-load rotation for the longer spans. Shorter spans had teflon sliding surfaces.

For the deck construction, the contractor elected to use stay-in-place forms

between the top flanges. All of the concrete for the deck and walks was hoisted

from ground level.

Plans and specifications called for galvanized structural steel railing but the

contractor requested and was given permission to use welded aluminum tubing

which proved to be very attractive.

Rail expansion joints were required on account of the long continuous super-

structure units. They are Conley joints of special design. Much thought went into

these—especially on curved track. We have watched them closely since installation

and they are functioning as intended.

The Indian Canyon bridge shared in the awards mentioned by Mr. Anderson.

It is a beautifully proportioned bridge on a sweeping 3-deg curve through some
very pretty country. This bridge is 920 ft long with deck about 160 ft above the

canyon floor, and has 150-ft maximum spans.

In summary, I might add that we are very pleased with the outcome of our

project and the wide interest expressed from many quarters. The Latah Creek and
Indian Canyon bridges have received several awards and we, together with the

designers, fabricators, and erectors, are quite pleased and somewhat proud of the

honors bestowed.

Design and Construction of New Milwaukee Road
Bridge Over Des Moines River

75-648-7

By WILLIAM D. ASHTON
Design Engineer, Corps of Engineers, Rock Island District

Introduction

The Chicago, Milwaukee, St. Paul & Pacific Railroad main line between Chicago
and Omaha crosses tile Des Moines River on a double-track viaduct about 130 ft

above the flood plain, some 15 miles upstream from Des Moines, Iowa. The viaduct

was replaced with a new single-track bridge 70 ft downstream by the Corps of

Engineers under a relocation agreement in conjunction with the Saylorville Lake
flood control project. Construction began in the fall of 1971 with completion in

November 1973.
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Pile driving equipment.

Pile load test instrumentation.
Itul. 648
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Construction in Spring 1972.

Existing Structure

The existing viaduct, Bridge No. Z-1154, was built in 1912-13. It was de-

signed for Cooper E 55 loading and double-track operation. Except for two channel

spans consisting of 156.5-ft deck trusses, the viaduct was a series of 40-ft deck

girders across the tops of steel towers and 70-ft deck girders spanning between the

towers. The downstream track was abandoned some 30 years ago and a portion

of the superstructure was removed. All the tower pedestals on the east bank through

and including the tower at the west river bank were supported on clusters of timber

bearing piles. The remaining six towers rested on concrete pedestals designed as

spread footings bearing directly on the underlying shale. The majority of the timber

pile foundations were driven with a 3,200-lb drop hammer using a maximum drop

of 40 ft. All the tower foundations had served excellently with no noticeable settle-

ments being recorded. The tower legs would be inundated by the Saylorville flood

pool to a depth of about 50 ft.

New Structure

The new single-track structure is composed of twenty-three 106.5-ft welded

A-588 deck girder spans designed to carry a Cooper E 80 diesel loading. The deck

is made of precast concrete ballast pans with trainmen's walkways on both sides.

There are 22 reinforced concrete piers varying in height from 42 ft to 136 ft. The
bridge substructure is entirely founded upon steel H-bearing piles. The new struc-

ture and approach embankments were designed by the Rock Island District of the

Corps of Engineers. The Jensen Construction Company, Des Moines, was the prime

contractor constructing the bridge under the supervision of the Rock Island District.
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Typical pier footing during concrete placement.

Pier construction.



770 Bulletin 648—American Railway Engineering Association

Delivery of girders.

Pile Foundations

The pile driving began in December 1971 and was essentially complete in

April 1972. Approximately 68,000 lin ft of 12HP53 piling was driven for the pile

foundations. The piles were driven with a McKernan single-acting air hammer, S8.

The hammer was provided with Conmaco fixed-type leads which were extended

at the top and held by a pin connection at the bottom. The leads could be adjusted

by cable-powered pipe struts for both forward and backward batters. The leads

could be raised and lowered into the foundation excavations. Each pile was pulled

into the leads with a cable line and held in position with pile gates until several

feet of penetration had been obtained. The spotting operation was completely

controlled by the operator of the American Model 9260 crane.

The pile driving operation was efficient. The contractor drove over 2,100

lin ft of piling, approximately 60 pieces, on several occasions in a 9-hour day.

Higher productivity was hindered because of down-time required to position piling

wi.hin the excavation prior to pulling individual pieces into the hammer leads.

Pile Load Tests

A pile test program was used to provide construction control for the H-bearing-

pile foundations. The program included 10 static pile load tests to verify design

assumptions. Twenty-four test piles were driven and 14 piles were pulled in the

process of establishing driving criteria.
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Erection of assembled spans.

The test loads were applied to the test pile by means of an Enerpac Model

P464 hydraulic jack reacting against the loaded test frame. Use of this jack per-

mitted each loading and unloading increment, to be applied at a uniform rate of

approximately 5 kips per minute. The contractor was responsible for providing the

jack and applying the load as directed by the design engineers. The test program

confirmed that adequate bearing could be obtained for a design pile load of 50

tons by either founding on a thin hard limestone stratum or driving into about

10 ft of shale.

After the start of the construction a review of the initial pile driving records

and pile load test results indicated that extraction of several piles should be per-

formed before additional piles were driven. The piles extracted were extensively

damaged. One of these piles had been loaded to 200 kips without failure. It was

evident that piles driven through the relatively thin but hard limestone strata were

damaged. Sufficient piles were pulled to confirm that pile flanges were warped or

twisted as the tip penetrated the limestone. The pile damage was held to a mini-

mum by founding the piles on or within the limestone strata.

Pier Construction

The 21,000 cu yd of concrete were produced in a C. S. Johnson 4.5 cu yd

portable plant purchased new for this project. It was equipped with digital presets

for aggregate, cement, and water for fully automatic batching. The maximum output

from the plant approached 150 cu yd per hour. The mix was designed by the Corps

aiming at 4,000 psi concrete. The average strength of 96 pairs of cylinders was

4,025 psi at 28 days. The within-batch coefficient of variation was 3.5 percent and
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Placement of ballast and track.

the overall coefficient of variation was 10.71 percent. The batch plant and con-

tractor's quality control laboratory were located at the project site.

The footings were all formed using standard Economy Form panels. Two sets

of footing forms were used. Only four variations of footing dimensions were re-

quired. The most typical footing form had dimensions 41.5 ft x 34.5 ft x 8 ft and
these were reused 14 times. The lower mat of reinforcing was placed directly on
top of the piles. This reinforcing mat consisted of No. 11 bars at 6 inches both

ways. Because of the large quantity of reinforcing required in the shaft, the con-

crete had to be tremied into the central portion. The largest pier footings were

45 ft x 45 ft and required 725 cu yd of concrete. This footing, founded on 110
piles, supported a pier 136-ft tall. Concrete was placed throughout the winter. The
forms were heated to 40 F prior to placing concrete.

The reinforced concrete pier shafts telescope above the massive concrete

footings set on the steel H-piling foundations. The unbattered pier shaft design

permitted use of standard dimension modular steel forms throughout. The height

of each section corresponded to that required to satisfy allowable stress criteria.

Jensen Construction Company had sufficient Economy Form panels to assemble two
sets of forms from their own inventory.

Access to the piers during construction was provided by Safeway Scaffolds.

These scaffolds with walkways around the entire pier shaft facilitated all phases of

the construction and minimized the hazard to workers. The scaffolding was moved
from pier to pier by lifting several tiers tied together as a unit.

The piers were reinforced with concentric rows of No. 14S bars, ASTM 615,

Grade 40. The reinforcing steel supplier, Jones & McKnight, Inc., detailed the

1,494,138 lb of No. 14 bars so they required shear cutting into only 17 different

bar lengths.
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General view looking east.

The bars were spliced using the Cadweld process. This splice is a braze process

with the strength obtained by shear action between internal grooves in the sleeve,

bar external deformations, and the sleeve filler. The bar ends to be inserted into

the Cadweld T-1476 sleeve were cleaned by sandblasting to the white metal. On
numerous occasions a four-man crew was able to make 64 splices in 9.5 hours. The

specifications required the splices to develop 125 percent of the specified yield

strength of the bar. In addition to this strength requirement the additional deforma-

tion due to slip within the sleeve could not exceed 0.015 inches beyond the elonga-

tion of an unspliced bar based on a 10-inch gage length at a stress of 30 ksi.

Quality control of the splicing was achieved by tension testing one specimen

for each 25 production splices made in the pier. A total of 178 specimens was

tested by the Corps Missouri River Division. Ninety-six specimens broke in the

sleeve and 82 broke in the bar. Average tensile strengths were in the magnitude of

80,000 psi and added deformations over an unspliced bar were around 0.01 inch.

Sections through all pier shafts were identical at each incremental distance

below the pier top. The required variation in pier heights was achieved by chang-

ing the bottom shaft sections by form panel length increments and varying the

excavation depths. The flat surfaces of each pier were formed using 6-ft plate

girder forms. The telescoping effect was achieved by using 8-ft and 10-ft diameter

half-round panels. The lower base blocks on top of the footing were rectangular

in section with dimensions matching available standard panels. The pier cap was

identical on all 22 piers. The upper 60-ft shaft section forms were reused on 20
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Demolition of deck trusses.

piers and shortened for both end piers. The intermediate or bottom 40-ft shaft

section was repeated 15 times and shortened on 4 additional piers. The use of

standard modular forms coupled with the repetitive geometry resulted in an aver-

age bid price for 18 bidders of $60 per cubic yard.

The abutments incorporated standard formwork dimensions. They were founded

on 56-72 piles driven over 100 ft to the shale. Both abutments were identical ex-

cept for the length of walls which were adjusted to coincide with embankment

slopes.

Superstructure

The superstructure consists of twenty-three 106.5-ft welded deck girder spans

fabricated from ASTM A 588 steel. The girders were fabricated by Bennett Indus-

tries, Peotone, Illinois, using over 2,000 tons of steel plate. The fabricated girders

were shipped by rail to a siding near the project site. A work train positioned the

train load of girders on the existing viaduct. The individual girders, each weighing

72,000 lb, were lowered to the ground using the American 9260 with 190 ft of

boom.

The design of the girders was governed by deflections which were computed

using the Newmark numerical techniques. The girder webs were 120-inch x %-inch

plates made by splicing plates 49 ft 9 inches and 59 ft 9 inches long. The flanges

were made by butt-splicing a plate 20 inches x 2M inches x 75 ft with end plates

20 inches x 2 inches x 17 ft 3 inches for a total length of 109 ft 6 inches.

The girder spans were assembled on the ground. The A 325 high-strength bolts

used in the lateral system were torqued to specifications. The assembled units were

then lifted to the pier tops. The American 9260 was coupled with a Manitowoc

4000 to perform this precision lift of 164,000 lb.
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The ballasted deck is carried in a precast concrete deck trough. The deck trough

is formed with 507 precast concrete ballast pans. The subcontractor, Ames Ready

Mix Concrete Company purchased two sets of steel forms from Economy Form

Company at a cost of approximately $10,000. The forms were mounted on trailers

to facilitate removal from the casting building to the storage yard. Two pans were

cast each working day.

The typical pan is 5 ft long with 18 ft of clearance between walkway rail-

ings. Each pan weighs about 8 tons and contains 4.5 cu yd of concrete. The use

of high early strength cement resulted in numerous cylinders obtaining a com-

pressive strength in excess of 7,000 psi. Trainmen's walkways are cantilevered from

each side. The pans are extended at each pier to provide a manhole for access by

ladder to the pier tops.

Kelly Track Company placed the track and the ballast section. The first official

crossing was made in October 1973, approximately two years after start of con-

struction.

Viaduct Demolition

The demolition and removal of the existing viaduct was planned and performed

by X-DEMEX using precision explosive techniques. The two 156.5-ft deck trusses

were fabricated from heavy riveted sections. These heavy built-up members were

precut by notching all outstanding angle legs and cutting out all lateral wind

bracing. At each notch location only the web plate remained intact and on each

web plate a linear-shaped charge was placed.

The first demolition dropped the river rocker bent and two channel truss

spans. All charges were connected with primer cord and detonated simultaneously.

To insure the trusses would fall upstream, the pedestal supporting the upstream

rocker bent leg was removed an instant prior to the truss demolition. The second

detonation toppled the portion of the viaduct on the west bank. Prior to detona-

tion the rail, ties, and ballast were salvaged. The concrete ballast pans were left

on the structure to provide additional unbalanced load and to aid in making the

viaduct fall upstream away from the new bridge. The attaching bolts on the down-

stream legs were burned off to allow the legs to pull clear from the concrete

pedestals. The bottom 20 ft of each upstream tower leg was precut and loaded.

The remaining metal plates were cut using specially designed linear-shaped charges.

An instant after the metal was severed bulk explosive kicker charges removed the

20-ft pieces from the viaduct towers. The third phase removed the remaining

1,200 ft of steel bridge crossing the east side of the river valley.

The magnificent old viaduct did not give up easily. The third detonation,

exactly identical to the successful second detonation, severed the tower legs per-

fectly. When the smoke cleared the longitudinal bracing still supported three

towers. Shaped charges were placed and the remaining steel dropped bringing to

an end a monument to the railroad builders of the past.

Conclusion

The new bridge is the first major structure utilizing welded fabrication on the

Milwaukee Road. The precast deck, welded weathering steel girders, and reinforced

concrete piers should provide a maintenance-free structure for many years.
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The Effects of Variations in Heat Treatment on

the Strength and Toughness of Rail Steel

75-648-8

By J. M. HYZAK1
, D. H. STONE2

, I. M. BERNSTEIN3

During recent years, increased axle loads have led to an alarming increase

in the rate of rail failures. It is becoming increasingly clear that conventional rail

material cannot adequately meet the service demands of an expanding rail-based

transportation system. Therefore, in order to develop a stronger and tougher rail

material, the Association of American Railroads, and the Processing Research Insti-

tute at Carnegie-Mellon University, have jointly sponsored a research program in

this area.

The overall program is designed to investigate the fundamental metallurgical

parameters involved in rail design and manufacture. More specifically, the first area

of research, which is the basis of this report, is concerned with the effects of heat

treatment variations on mechanical properties of rail steel. There is also a second

study recently begun, which will examine changes in the chemistry of rail steel as

a means of improving rail performance.

The purpose of this study is to determine the feasibility of developing a rail

with improved mechanical properties by making only minor variations in the con-

ventional method of processing. This necessarily eliminates any quench-and-temper

or thermomechanical treatments from consideration.

The mechanical properties considered most important to rail performance are

strength, hardness and toughness. The strength of the rail determines what axle

load can be supported without any permanent deformation of the rail. Deformation

in the head has been related to the occurrence of shelling and subsequently to the

initiation of detail fractures. As strength increases, the stress to cause permanent

deformation increases. Hardness, which is related to strength, is responsible in a

large part for how well the rail wears. In general, the harder the rail, the longer the

wear life. Toughness is a measure of the steel's resistance to brittle or catastrophic

failure, and is the most serious problem in rails today. As toughness increases, the

minimum size of a flaw which can initiate brittle fracture, under a given applied

load, increases. Thus, the probability of catastrophic failure decreases with increasing

toughness.

In order to determine how these three properties of rail steel are affected by
minor variations in the heat-treating process, a systematic heat-treating schedule

was developed to isolate, as well as possible, the effects of the different heat-

treating parameters. The two main variables studied were austenization temperature

and isothermal transformation temperature. When relating these parameters to

production practice in the mill, austenization temperature affects the final structure

in the same general way as rolling temperature, and isothermal transformation tem-

perature is similarly related to cooling rate.

1
J. M. Hyzak, Graduate Student, Department of Metallurgy & Materials Science, Carnegie-

Mellon University, Pittsburgh, Pa.
2 D. H. Stone, Research Metallurgist, Association of American Railroads Technical Center,

Chicago.
3

1. M. Bernstein, Associate Professor, Department of Metallurgy & Materials Science,
Carnegie-Mellon University, Pittsburgh, Pa.
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TOUGHNESS

STRENGTH- HAHDNESS

AUSTENIZATION TEMPERATURE

FIGURE I

Experimentally, both tensile and impact tests were performed on each of 14

different heat treatments. The test specimens were cut from a standard 132-lb RE
rail in two different orientations. Tensile specimens were taken from the web, and

also longitudinally from the head, while Charpy impact bars were cut longitudinally

from the head in order that the fracture plane would be the transverse plane of

the rail, so as to simulate a detail failure.

Preliminary results have shown the following trends: the austenization tem-

perature has essentially no effect on the strength of rail steel for the range of tem-

perature tested (1470 F-1830 F), but toughness, as measured by Charpy transition

temperature, has increased as the austenization temperature is decreased (Fig. 1).

The effect of isothermal transformation temperature on the strength of the steel

has been more pronounced (Fig. 2). The yield strength of the material increased

monotonically as the transformation temperature decreased. For those specimens

taken from the web section, the strength increased approximately 30% over the

range of transformation temperatures from 1155 F-1010 F. The tensile specimens

taken from the head of the rail increased in strength approximately 17% over the

same temperature range. This difference is presumably due to differences in com-

position through the rail's cross-section. Toughness generally increases as transfor-

mation temperature decreases (Fig. 2). There is, however, an optimum treatment

in the lower range of transformation temperatures.

Having satisfactorily defined the general effects of austenization temperature

(rolling temperature) and isothermal transformation temperature (cooling rate) on
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TOUGHNESS

STRENGTH-HARDNESS

ISOTHERMAL TRANSFORMATION TEMPERATURE'
(COOLING RATE-*)

FIGURE II

the strength and toughness of rail steel, the size of these effects is now being eval-

uated. In order to determine whether they are, in fact, significant increases which

would justify the expense and trouble of modifying the manufacturing processes.

In order to do this, instrumented Charpy impact tests are being performed.

These tests will provide dynamic fracture toughness, KID , values which are a more
quantitative measure of toughness than the standard Charpy transition temperature.

These Kid values provide a measure of the critical crack size needed for the rail to

fail under a certain load. For example, an increase in Kid from the present value

of 25 ksi Vm at F to 35 ksi Vin would increase the critical crack size in the

transverse plane of the rail's head from approximately 0.318 in to 0.623 in under

an applied axle load of 25,000 lb/in2
.

To maintain safe operating conditions, rails are now replaced whenever a defect

of any size is detected. However, if the rail's toughness is dramatically increased,

this could make it possible to leave defective rails in service until the flaw has grown
to a certain percentage of critical size. This, however, is only a possibility for the

future. Increased toughness would also increase the reliability of flaw detection

practices.

In summary, if the increases in strength, hardness, and toughness are significant,

this research could lead to the production of a rail that would be stronger, have
longer wear life, and be more resistant to brittle failure. This would increase the

probability of detecting and replacing rails containing cracks before they broke

catastrophically in service. It is significant that these improvements in mechanical
properties could be achieved by modest modifications in the manufacturing process.

If the increases in strength and toughness are not very significant for easily-

obtainable heat-treating procedures, then this research will have eliminated this

alternative, and efforts will have to be directed to other areas such as changes in rail

chemistry, in order to improve rail life.



Tunnel Boring Machines—A Means to Railway

Line Improvement
75_648-9

By T. C. MACNABB
Assistant Director of Technical Research

Canadian Pacific Limited

Resume

This paper describes tunnel boring machines used expensively in Europe for

improving railway routes by shortening them and reducing grades. Mention is made

of the proposed tunnel beneath the English Channel for a double-track railway line.

Some suggested improvements in tunnel equipment are described which are expected

to improve productivity of the machines.

Tunnel boring equipment is now superseding the conventional blast and muck

methods of tunnel excavation. Almost without exception the boring machine is being

used in Europe in railway line improvements where tunnels are required.

Boring machines are capable of excavating on rising or falling grades, and are

capable of cutting curves in tunnels sharper than those used in railway practice.

It is possible to install concrete lining and floor slabs as part of the machine opera-

tion. Metal hoop reinforcing can be installed immediately behind the cutter head

for subsequent covering with shotcrete. Dowel holes can be drilled from the machine

both pneumatically and electrically. Cutter heads for rock excavation can be mod-

ified to economically cut various types of rock, even to those having a compressive

strength of 40,000 psi.

There are a great many makes of tunnel boring machines and these can be

divided into two main types.

Fig. 1. The soft rock machine is usually of the face trace type and is capable

of cutting vertical sides and arch roofs.

Fig. 2. Machines used for hard rock cutting are generally of the full face

type and are capable of cutting a circular bore only. Some variations in a full head

cutter type are in use, where picks on two rotating heads work across the cutting

face and remove the rock by tension picking rather than by forcing it to spall off

due to rotary disc compression.

Fig. 3. Full face boring machines are nothing more than a giant auger which is

pressed against a rock face and made to rotate. Various types of cutters are affixed

to the front wheel. Their design is dependent upon the hardness of the rock to be

excavated.

Fig. 4. The machine is locked against the tunnel walls by means of friction

pads pressed into position by hydraulic pistons. The alignment of the bore is con-

trolled by the position of the machine relative to the friction pads. When locked

into position, the main cutter wheel is forced against the rock face by hydraulic

pistons which will exert a force of around 700 tons. The stroke is about 3 ft.

After full extension the machine must be drawn forward and the cutting operation

repeated. The broken material from the face is picked up by buckets in the rotating

Note: Discussion closes on October 15, 1974.
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Fig. 2.

wheel and discharged onto a conveyor which transports the material to a bin or

some means of conveyance behind the machine.

Fig. 5. The design of the cutters is critical as to the hardness of the rock

encountered. Disc type of cutters are used for rock up to about 20,000 psi.

Fig. 6. Buttons of tungsten carbide are affixed to the periphery of the wheels

in order to make them more durable. Rapid improvement is being made in cutter

design and the disc type have now been successful in cutting rock up to 40,000

psi and greater.

Fig. 7. In many instances both hard and soft rock are encountered together

in a tunnel bore. The white rock shown is quartzite banding in shaly limestone.

Further along the tunnel solid quartzite was encountered which when tested had a

compressive strength of 42,000 psi. The quartzite extended for about 150 ft and

was successfully removed by the use of disc type cutters.
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Fig. 3.

Fig. 8. Water, electrical power and clean air are required for the tunnel boring

machine and these facilities are readily affixed to the tunnel wall where they will be

out of the way of rail equipment used in removing waste rock and bringing up

machine supplies.

Fig. 9. The alignment of the bore is controlled by projecting a laser beam up

to the cutter wheel of the machine. Its position on a light sensitive screen enables

the operator to adjust the position of the machine whose position is automatically

translated to indicator positions shown on his control panel.

Fig. 10. Fault zones can be passed with little trouble if they are of the com-

pression type. Hanging faults may carry loose rock and possibly water. The smooth

walls of the bore facilitate the stopping up of the water if it is present.

Fig. 11. Where unstable rock is encountered lining will be required and the

boring machine should be designed to over bore the diameter by 1 ft. Segmented
concrete lining can then be installed immediately behind the cutter wheel.

Fig. 12. Steel I-beams can also be installed and covered with shotcrete behind

the machine. After the unstable area has been passed, the machine equipment can

be retracted and the previous cutting bore resumed.

Fig. 13. The Swiss Federal Railways have recently completed a new railway

line between Killwangen and Rupperswill in order to shorten the route between
Zurich and Bern. A double-track tunnel was bored through the Heitersberg ridge.

The bore was 35 ft and the tunnel was just under 3 miles in length.
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Fig. 6—Cutter ring from 4.2-m boring machine.

The rock encountered deteriorated upon exposure to air and it was necessary

to shotcrete its surface immediately behind the cutter shield and complete the

covering by the use of an additional machine further behind the boring equipment.

The cement, water and sand were mixed in the tunnel as it was applied. The travel-

ling equipment was of the straddle type, and the rock cars pulled by electric loco-

motives passed between the legs of the shotcreting equipment. The double-track

railway was laid on a concrete slab in which concrete ties were imbedded with a

resilient mastic. A gravel fill was laid between the slab and the tunnel lining.

Drainage was provided at the bottom of the barrel.

The machine used to bore the tunnel had a rotating disc carrying 62 cutter

heads. It was necessary to use ten-lOO'-hp motors for rotation of the cutter wheel.

Penetrations of up to 93 ft per day were achieved. The machine was capable of

exerting a force of 700 tons against the rock face. The entire operation was carried

out by 25 men per shift, including mechanics and electricians. The contractor

carrying out this work had four other tunnel boring machines and was very pleased

with this method of excavating solid material.

Fig. 14. The Swiss Federal Railways have now started on a most impressive

28.6-mile-long railway tunnel which will extend between Amsteg and Giornico on

the main line between Northern and Southern Europe through the Central Alps.

The tunnel will be equipped with a double-track railway system complete with

crossovers, passing tracks and sidings, all within the tunnel. It will be excavated

with boring machines and consideration is being given to boring the ventilating

shafts also.

An auxiliary 10.7-ft-diameter tunnel will be initially bored, parallel to the align-

ment of the railway tunnel. Cross connections will be made at 1,500-ft intervals.

(Text continued on page 792)
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Fig. 7—Quartzite in tunnel, Mapragg, Switzerland.

Fig. 8

—

Water tunnel 4.2 m in diameter, Mapragg, Switzerland.
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Fig. 9—Bore alignment is controlled by projecting a laser beam
up to the cutter wheel of the machine.

Fig. 10—Fault zone, 4.2-m tunnel, Mapragg, Switzerland.
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Fig. 15—Cross channel tunnel route, England-France.

The auxiliary tunnel will be used as a supply tunnel when the main bore is under

construction. Excess water which might be encountered will also be discharged

through the smaller tunnel. After construction is completed the auxiliary bore will

be used for maintenance gangs and for carrying the power lines for the electric

railway.

The grade through the tunnel will be essentially level and the train speeds are

expected to be 124 mph for intercity trains, 71 mph for fast freight trains and 62

mph for a slower type. The theoretical maximum capacity of the tunnel is 750

trains per day. Practical experience indicates that around 350 trains daily will be

more like the operating capacity of the tunnel. The development is expected to take

about 12 years to complete.

Fig. 15. The cross-channel tunnel from Cheriton in Kent, England to a point

near Calais, France is one of the most ambitious tunneling projects of our times.

It will consist of three main tubes some 100 ft beneath the bed of the Channel.

Two large tubes will carry high-speed railway tracks, the smaller central bore will

be used as a service and ventilation tunnel. The length beneath the sea will be 26

miles and the overall tunnel length will be 33 miles. The design calls for the use

of 7 boring machines for the three tunnels. The design speed for the train operation

is reported to be 150 mph.

Equipment Required for Boring a Single-Track North American Tunnel
It is worthwhile now to examine in more detail the equipment required for a

single-track North American railway tunnel.

Fig. 16. The minimum bore acceptable for standard railway clearance will be

25.0 ft. Some railways may prefer a larger bore. In a circular bored tunnel the

drainage will run along the bottom of the bore beneath the supporting structure

for the track.

Fig. 17. It is considered that the rails could be affixed directly to a segmented
reinforced concrete slab which would be laid beneath the boring machine. These
would be dowelled into the tunnel wall. The design shown provides for locking

pins to be inserted through the mid-slab opening to the underside of the deck in

order to connect with removable rail lock bolts.

The sections shown can be rotated out from under the rails by raising one of

them 3 inches after releasing fastenings on adjacent slabs. The use of polymer
concrete will give the slabs three to four times the tensile and compressive
strength of conventional concrete. It will improve the abrasive resistance about
three times and will reduce the permeability of water by about 95 percent.
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Fig. 17—Tunnel floor slab.

Some European designs call for concrete ties to be nested into the slabs;

however, in the event of a derailment a smooth concrete slab would minimize

damage to wheels and trucks.

The use of precast slabs permits the laying of permanent trackage beneath

the machine. This minimizes the cost of track construction. The rail line would
essentially be finished as the drilling machine reaches the tunnel outlet.

Present-day drilling machines operate up to 13 hours per day. Much of the

idle time is caused by the slow arrival of the rock disposal trains. Notwithstanding

the considerable idle time, it is possible to achieve an advance of 100 ft per day.

In a 25-ft bore tunnel, the waste rock will amount to about 2400 cu yd, using a

30 percent swell figure.

Fig. 18. Such large quantities of material indicate that standard railway air

dump cars should be used, and for continuity of service it would be worthwhile to

have a double-track platform available immediately behind the machine. The cars

could be loaded by a tripper on an elevated conveyor belt discharging to either

track. The two railway tracks would converge before joining the permanent rail-

way track upon which the platform would ride.

When tunnels of sizeable length are to be bored it is essential that the boring

machine be so designed that it will not be stopped for any abnormal length of

time. All components such as hydraulic cylinders should be readily replaceable so

that they may be removed on a progressive maintenance basis and a spare unit in-

stalled on a rotational basis. This calls for the standardizing of size of components

as much as possible. It is very difficult to overhaul the main thrust bearing of the
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rotating head. It should therefore be designed to run without repair for the length

of the tunnel to be bored.

Usually one cutter head per day is removed from the wheel for maintenance.

This operation is normally carried out between shifts when servicing and greasing

are also carried out.

Dust from the cutting face is a problem. Although it is confined to the forward

area by a dust shield, much escapes through the rock discharge opening in the

dust shield. Dust precipitators are used on many machines and air scrubbers are

also used. An effective method of reducing dust is to use a vacuum cleaner device

which removes the dust from ahead of the shield, and pipes it out of the tunnel.

Fresh air is received through the tunnel bore. It is considered that this method of

air exchange and dust removal is superior to the piping of air into the tunnel

through an air duct and exhausting it over the machine and discharging it through

the tunnel bore.

A machine cutting a 25-ft bore will utilize about 1,000 hp. This amount of

power is supplied through a segmented power cable attached to the side wall of

the tunnel. In very long tunnels consideration should be given to the use of an

open trolley wire suspended from the ceiling. The wire could also be used as a

catenary from which electric locomotives could receive propulsion power.

Boring machines can be a very economical and rapid method of rock excava-

tion. The operation can be highly automated using one operator only per shift.

Some contractors use only one mechanic/electrician and a helper to maintain and

service the machine in addition to the replacement of the cutter heads. One mucker

per shift is used to place waste material onto the conveyor belt. A four-man gang

is used to lay track panels, extend piping and air ducts. North American labor

laws may change this picture appreciably.

Very few highways and railways are capable of carrying large boring machines.

It is essential therefore that the machine be capable of being dismantled and re-

assembled with lifting equipment available at the site. It will take about a month
to assemble a 25-ft boring machine.

Notwithstanding the inconvenience of moving such large pieces of equipment

about the country, the future prospects of using tunnel boring machines for railway

tunnels looks extremely bright.



Means and Methods to Increase Track Stability
75-648-7

By DR. KLAUS H. RIESSBERGER

The stability of the track is a serious problem for every railroad, especially

since the introduction of the continuous welded rail. The primary concern of this

paper is not track buckling or accident, although such occurrences are mentioned
during the discussion, but rather the behavior of the track after trackwork has been
carried out, especially in regard to its geometry. Trackwork affects the resistance

of the track against all sorts of movements induced by the traffic and the climatical

conditions. To know of such behavior is of utmost importance, especially after

rehabilitation has been carried out because at that time a reduction in strength

with which the track is anchored in the ballast takes place. Any kind of disturbance

acting on the ballast section which was compacted by the daily traffic or a change

in the ballast structure will change the characteristic of the track bed. To correct

errors in the track geometry in a simple and economical way one uses tampers,

although the ballast is disturbed during this tamping process. There are other

maintenance methods, for example the French soufflage, also called "measured

shouffle packing," which is a method of filling in a certain volume of fine-grained

material under a tie in accordance to the lift required at this tie. They also reduce

the stability of the track. Therefore it is important that ( 1 ) the disturbance which

could affect the stability of the track be kept to a minimum, (2) track stability is

improved right after tamping or (3) to select track designs which would be the

least affected by such disturbances.

We shall discuss the conventional type of track structure, that is to say the

ballasted type, because other types have not been sufficiently tested yet. If we
examine the first of the important points, we have to say that all sorts of the

presently known and used tamping methods will reduce the lateral resistance of the

track by some 40 to 50%, in spite of the fact that the requirements were met in

having enough ballast available to reach to the top of the tie, and at the tie ends

the ballast profile was made to the specification of the railroads. Due to the short

time available I make the assumption that you all know the various tamping

methods.

In regard to those methods there is a very new system, which will give an

increased lateral track stability, and that is the Plasser-all-side-system RS-System

( Fig. 1 ) . This machine does not cause as large a reduction of lateral resistance

after tamping, if the distance between the outer tool and the tie end is about 15 cm
(6 inches) (Fig. 2). During the experiments with the prototype machine it was

found that distances of 8 cm (3 inches) and 25 cm (10 inches) will be less effec-

tive than a distance of 6 inches. It is reasonable that the vertical stiffness is also

increased, as we are tamping in three directions. Thus the ballast is completely

compacted below the ties. This in turn permits smaller track lifts without the track

condition deteriorating too fast. The reason is the relationship between lift and

settlement of track, which differs from that of standard tamping machines.

Although this brand new all-side-tamping-system will reduce the lateral stability

less than others, there are machines on the market by the use of which lateral

Note: Discussion closes on October 15, 1974.
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Fig. 1—Plasser-all-side system RS-System.

stability can be increased after tamping. These machines are called ballast com-
pactors and they will compact the ballast in the crib and on the shoulders. In doing

so the ballast below the ties will be supported on the sides also. This operation

results in lesser vertical settlement (Figs. 3, 4) and a marked increase in the lateral

resistance of the track (Figs. 5, 6). The prerequisite for the success of this opera-

tion is that there is enough ballast in the track. That means approximately 1 to 2

inches over top of the ties before consolidation.

The importance of the lateral resistance in regard to the track buckling shall

be illustrated with a simple example (Fig. 7). This picture shows the results of a

test, so called panel bending test, in which the deflection in the transverse direction

caused by a load acting in a center of the beam (which is the track panel), between

supports having a length of L has been determined. From this deflection one can

deduct the alternative stiffness of the track panel. This interdependency is not

linear, as shown by the diagram; therefore this theory has been replaced by a more
complex one. For the sake of simplicity we shall take the former point of view.

The stiffness of the panel depends not only on the selected rail profile, but remark-

ably, on the fastening method between the rails and the ties. And here is a great

difference between the European railroads, where the costly and expensive K type

and other comparable types of fasteners are used, versus the American railroads

where track spikes are used. If one examines the method of rail fastening (Fig. 8)
for its strength, one looks for its torsional stiffness and resistance against slipping.

The corresponding picture shows the way the experiment was conducted and the
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Fig. 4—Influence of crib consolidation, ORE test Bamberg.

qualitative result of the same. After all, the problem of the buckling is interrelated

with the resistance against lateral movement and Fig. 9 will show how this resistance

against buckling could be induced in the calculations. Both values c and p will

be changed by compaction of ballast bed as the many executed tests show and

we will later on investigate the influence of these parameters on track stability.

Longitudinal forces acting on the track are considered to be those forces which are

created by the temperature increase in the rails. Examining the Russian rail R 65

weighing about 130 lb per meter, one finds that with a temperature variation of

55° C (about 130° F) from the mean temperature there exists a longitudinal force

of 210 t,° with 60° C (140° F) a force of 230 t; with 70° C (160° F) a force

of 265 t. On the European railroads one figures with a temperature variation of

55° C (130° F), while on US railroads due to the varying climatical conditions,

one will have to figure with higher temperature variations. To obtain the smallest

temperature differential on the varying climatical conditions, one has to be careful

in determining the mean temperature, and this temperature has to be held accurately

during the field welding process. There are other ways to facilitate stress

equalization.

Calculations have been made under tire assumption that no tension exists in the

rails and only longitudinal forces due to temperature variations are acting on the

rails. This statement is very much idealized indeed, but up until now it is not pos-

sible to measure the influence of the vibrations caused by the traffic, although their

qualitative results are well known. One way of providing for a certain safety factor

is to increase the calculated temperature differential over the existing temperature

5
t = 1000 kg = 2204.6 lb.
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Lateral resistance
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Fig. 5—Result of lateral resistance test, influence of compacting time.

Lateral resistance Test Pottschach -Gloggmtz

13.-15.12.1971
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Fig. 6—Result of lateral resistance test, comparison Plasser VDM 800-U

versus Windhoff BV 204.
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Fig. 7—Theory of substitute beam.

Resistance against twist

Fig. 8—Rail fastening test.
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Method "single tie"
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Fig. 9—Lateral resistance test, consideration for calculation.

differential from 10° to 50° C (14° to 122° F) depending on the speed of the

trains. The question is now: how much force can the track tolerate without kinking,

and how are increased lateral resistances to be evaluated? (Fig. 10). The calcula-

tions for ideally straight track provides a formula shown in this picture, where c

represents the slope of the curve depicting the lateral resistance and a curve of the

half sine wave shows the deformation. The length of the half wave L is not given

but it can be calculated if one assumes that the kinking will occur under the influ-

ence of the smallest kinking force. In that case one will obtain the values to deter-

mine I. One can notice that an increase of the slope c in the zero point of the

curve showing lateral resistance versus displacement permits an increase in axial

rail force. This force will be accommodated by the track without kinking and it

will not influence the length of the wave shape to a great extent. The formula fur-

ther shows that by reducing lateral track stiffness EI, for instance by the use of a

weak rail fastener, only an increase in the stability of the ballast section will com-

pensate for such a case. Experiments show that this is achieved advantageously

using crib and shoulder consolidation, while the increase of shoulder width to more
than approximately 16 inches is not effective.

This calculation is valid for a perfect and straight track only. Unfortunately,

such track is non-existent, since there are always some initial shortcomings to the

track. It can be shown mathematically that in the presence of alignment errors,

buckling does not appear suddenly. Increasing the longitudinal forces in the track

the initial error, a, grows until it becomes a certain magnitude a*. If now the axial

force is increased further, the track seeks for a new stable position undergoing large

deformations. The question is now how large can the longitudinal forces be in order
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Fig. 12—Critical buckling force, influence of rail weight.

to reach this equilibrium limit. In Fig. 11 the case of kinking by longitudinal forces

under constant supporting force acting on the side not depending on deflection is

shown. A track irregularity caused by longitudinal forces has been magnified with

constant side support. The moment this irregularity reaches the magnitude of a",

then the equilibrium will become unstable and a buckling with quite a large defor-

mation will take place. The relations are shown here depicting a heavy European

track with R65 rails, which are comparative to 132-lb rail. The curves are showing

the maximum allowable deflections, relating to the length of L of the half wave

at which the condition from the stable to unstable equilibrium will change. Depend-

ing on the axial force in the track and on the value of the lateral resisting force,

one can insert various figures for track irregularities. There the value of the resistance

against transverse motion affects the calculation significantly. Here is it taken as 5

and 10 kg/cm which is equivalent to about 25 and 50 lb/inch. For longitudinal

forces we take here 150,000 kg (equal to about 300,000 lbs) and 250,000 kg (equal

to about 500,000 lb), respectively, which corresponds to a temperature differential

of 40° C (104° F) and 65° C (149° F), respectively. It is to be noted that the

length of a half wave shown depicts the irregularity of the track before deformation.

The chart further shows that it is advisable to distribute the irregularity a" over

a longer distance in order to provide a greater safety factor against track kinking.

Both lines of thought illustrated here are very incomplete. I have mentioned

before that in the modern theory of track stability the substitute beam is not used

anymore. In their extensive research Engel, Bartlett, Nemesdy, Abdel-Bary, Fuehrer

and Laetsch1 used theoretical reasoning which is then supported by various experi-

ments. Out of these results I would like to draw some conclusions. Fig. 12 shows

1 Bibliography, see at end of paper.
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Fig. 13—Critical buckling force, influence of lateral resistance.

the conditions using three different rail profiles where the magnitude of a, p and m
which is the friction torque between rail and tie, with a temperature differential

of 55° C (130° F) is given. It is important to note that an increase in the rail cross

section does not immediately increase the track stability. The reason behind this is

that the larger cross sectional area in conjunction with the temperature difference

induces higher longitudinal forces. It can be shown that by changing the lateral

track resistance to a smaller value, the stability of the track will also be reduced

(Fig. 13).

All the research reports mentioned before show the following results:

(a) Lateral track kinking is more common by far than the vertical.

(b) The margin of safety against lateral kinking depends significantly on

alignment, characterized by the half-wave length I and amplitude of

error a. Requested of course is a small a, and a great I.

(c) Loose rail fasteners (in the sense of torsion between rail and tie),

reduce the structure stiffness and demand a better anchoring of the ties

in the ballast.

(d) The best method to increase the margin of safety is to increase the

lateral resistance in the ballast.

These investigations are valid for a straight track section. Calculations for

curves lead to the same results and recommendations. Restrictions such as switches

and crossings prevent the track from deforming in a free fashion and upset the
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force distribution. In the case of switches it should be noted that the longitudinal

forces will have to be directed into the subgrade, because there are four rails on

one side and only two on the other side of the switch. That means that the force

accumulation of one whole track will have to be absorbed by longitudinal track

resistance. Spot maintenance work in the vicinity of switches should be avoided,

because this type of work could induce unwanted force relations in the track. A
possible alternative solution would be to work over a sufficient length of connecting

trackage with the switch tamper. A sufficient length would be 100 to 150 m (about

300 to 450 ft).

A reduction of the safety factor against kinking could be successfully overcome

with an appropriate increase of the important parameters. An effective method,

which additionally can be executed quickly, is to increase the lateral resistance of

the track. Prerequisite to this would be to have enough ballast in the track and to

compact the ballast section right after tamping. To execute the above work in a

mechanized way there are machines in existence. Ballast regulators, with which

the optimum ballast cross section can be made, can reprofile the existing section

and compactors can consolidate the ballast. Last year the compactor CPM-800R

made by Plasser was given a test by the Department of Transportation on the track-

age of five different railroad companies. The results showed a picture to which we

are accustomed: that the lateral resistance of individual ties against displacement

was increased by 20 to 30% of the original value. The aforementioned statement

should prove that with a very nominal financial effort the margin of safety against

buckling can be increased and the deterioration of track geometry can be slowed

down.

Lastly, the question about the track design which guarantees a lesser amount

of track deterioration in regard to lateral resistance or gives an increase in stiffness

in the ballast shall be discussed. This question points in the direction of an ideally

shaped tie. Egon Schubert, former chief of maintenance of way of the Austrian State

Railways, suggested a new design which he calls "wing tie" (Fig. 14). This type

of tie is being tested on the lines of the Austrian State Railways and it has sur-

passed all expectations in regard to longer track quality. By experimenting it has

been determined that the lateral creep resistance of this tie is about twice as much

as the heaviest tie, which is a B70, being used on the German railroads. The

stability of the track in the vertical direction due to the increased tie ballast area

at the points of rail-tie intersection is improved. In case such a tie might generate

interest in the United States, I would like to make a suggestion as to how to execute

the changeover with a tie changing machine ( Fig. 15 ) . At this time it is not possible

to quote a price for this tie, because the allowable axle loads are quite higher in

the USA and an appropriate heavy tie would have to be redesigned to be a wing tie.

In summary it should be noted again: Increased safety against track buckling

is possible by:

(1) Keeping up a high standard of track geometry. This can only be done

by using lining machines, or combined lifting, leveling, lining and tamp-

ing machines.

(2) Increasing the lateral resistance of the ballast bed. This can be very

efficiently done by the use of the modern maintenance of way equip-

ment, ballast regulators and ballast compactors in particular.

(3) Increasing the stiffness of the track with appropriate rail fasteners and

new types of ties.
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Fig. 14—The Wing Tie.

List of Conversion Factors

1 m



Address by Dr. Klaus H. Riessberger 811

Method 1

Method 2

iHrijiHHr

ajiajl

9 B 5 \B

Fig. 15—Proposal for tie change with Wing Ties.
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Hardwood Timber Resources of the United States

75-648-1

1

By DWIGHT HAIR

Division of Forest Economics and Marketing Research

Forest Service, U. S. Department of Agriculture, Washington, D. C.

I am going to discuss with you today the present and prospective hardwood

timber situation in the U. S., with special emphasis on the supplies of timber suit-

able for the manufacture of railroad ties and pallet lumber. I am also going to out-

line the kinds of management, research, and technical assistance programs needed

to assure adequate supplies of hardwood timber in future decades.

The material I am presenting is taken from a new and comprehensive appraisal

of the present and prospective timber demand and supply situation.

This new appraisal is the latest in a series of periodic studies made by the

U. S. Forest Service over the past half century. The current study provides basic-

timber resource statistics as of 1970, projections of demands for timber products

under alternative population, economic, and price assumptions to the year 2000,

projected timber supplies to the year 2020 with alternative levels of management,

and the implications of the demand-supply comparisons for timber prices and

forestry programs.

Large Area of Hardwood Forests in the U. S.—45 Percent in the South

The data in this new appraisal show that in 1970 there were about 267 million

acres of commercial hardwood forest types in the United States exclusive of interior

Alaska (Table 1). About 50 percent of these forests were in the North and 45

percent in the South. The remaining 5 percent were in the West, chiefly in western

Oregon, western Washington, and the central Rocky Mountain States. The eastern

hardwood forest types compose about 64 percent of the commercial forest area in

the East and a third of all the commercial forest area in the country.

The eastern hardwood forest types contain a large number of commercial

hardwood species.
1 In the Forest Survey statistics these species are grouped into

the six major types listed in the tabulation below (see also Table 1):

Area
Eastern Hardwood Forest (Million

Type Groups Acres)

Oak-hickory 111.9

Oak-gum-cypress 30.6

Maple-birch-beech 31.1

Oak-pine 35.0

Aspen-birch 20.5

Elm-ash-cottonwood 24.7

Total 253.8

Three of these types are of major importance in the South.

1 Scientific names of species cited are listed at the end of this paper.
Note: Discussion closes on October 15, 1974.
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Oak-hickory

The oak-hickory type, stretching southwestward from southern New England
to Oklahoma and Texas, is by far the most widespread, accounting for nearly 44
percent of the eastern hardwood area. This type includes a large number of species

growing on a wide variety of sites. Common associated species include yellow-

poplar, sweetgum, and black walnut—the most valuable commercial tree in the

United States.

Much of the abandoned agricultural land in the area covered by this type has

naturally restocked. As a result of this uncontrolled restocking, however, the stands

are principally composed of trees of less desirable species, chiefly the upland oaks

such as the post oak, black oak, chestnut oak, and blackjack oak. The conversion

of these species to more desirable species is one of the major hardwood forest

management challenges in the United States today.

Oak-gum-cypress

The swamp and bottomland oak-gum-cypress forests, which include such vain-

able species as sweetgum, cherrybark oak, tupelo, and baldcypress, occupy about

12 percent of the hardwood forest area in the East. Nearly all of the area in this

type is along the river bottoms of the South with the largest concentration in the

Mississippi Delta. These bottomlands include some of the most productive hardwood
sites in the country.

In recent years, land clearing for agriculture has resulted in a rapid reduction

in the area in this type. For example, a recent study showed that more than one-

fifth of the commercial land in the delta region of Mississippi had been cleared in

10 years. This was a continuation of a trend that had been going on since the

first forest survey in 1932, but the rate of clearing in the latest decade was nearly

four times that noted in earlier surveys.

Oak-pine

The oak-pine type, which covers 14 percent of the hardwood area in the East

is also concentrated in the South. This type occupies uplands that are generally

low sites and best adapted to growing pine.

Much of the present oak-pine forest is composed of the residual trees, usually

upland oaks, left after cutting the merchantable pine from the mixed pine-hardwood

forest. In the last few- decades, this process has been reversed and extensive areas

have been reconverted to pine types through hardwood tree removal and other

cultural practices. This conversion has been accelerating in recent years as forest

management for pine has become more widespread.

Timber types in the United States are classified on the basis of the species

composing a plurality of the stocking. Hardwood species are common associates

in most softwood types in the South. Thus, there are additional and substantial

volumes of hardwood timber in the commercial forest stands classified as softwood

types in this section.

Maple-beech-birch

About 2 percent of the eastern hardwood area is in maple—beech-birch forests.

These forests are located on the upland sites in the New England, Middle Atlantic,

and Lake States region" of the North. The area in this type has probably been

States included in the regions used in this report are listed in the "N'ote" to Table 1.
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increasing in response to the restocking of abandoned agricultural land and the

reconversion of some of the area in the pioneer aspen-birch type.

Ehn-ash—cottonwood

The elm-ash-cottonwood type—occupying 10 percent of the eastern hardwood

area—is concentrated in the bottomland sites in the Central and Lake States regions

of the North. Common associates in this type included pecan, willow, sycamore,

beech, red maple, and river birch.

Aspen-birch

The aspen—birch type—which covers 8 percent of the hardwood area in the

East—is also concentrated in the North, chiefly in the Lake States region. This

type is composed of relatively short-lived pioneer species that have taken over

large areas of cutover pine lands. Some of these stands are now reverting to climax

types such as maple—birch-beech or to spruce-fir.

Western-hardwood type

Although the major hardwood stands are in the East, there are about 13 million

acres of land stocked with hardwood in the West. About one third of the area in

western hardwoods is in the Rocky Mountains, chiefly in Colorado, Utah, and New
Mexico. The predominant species is aspen growing at relatively high elevations.

Another two-fifths of the hardwood area is in Oregon and Washington. In this

region, red alder growing on cutover Douglas-fir lands, is the most important species.

Most of the remaining hardwood forest in the West is composed of oak types in

California.

Large Volume of Hardwood Timber—Mostly in Farm
and Miscellaneous Ownerships

As of January 1, 1971, the total volume of hardwood growing stock3
in all

forest types was 217 billion cubic feet, including 515 billion board feet of saw-

timber. 4 About half of the hardwood sawtimber was located in the North, chiefly

in the Middle Atlantic, Central, and Lake States region (Table 2). Another two-

fifths was in the South. The remainder was in the West, largely in the states along

the Pacific Coast.

About 71 percent of the hardwood timber was in farm and miscellaneous

private ownerships (Table 2). Another 13 percent was in forest industry owner-

ships. The remaining 16 percent was about evenly divided between the National

Forests and other public ownerships, chiefly state and county.

About one-sixth of the volume of hardwood sawtimber was in select species—
selected white and red oaks,5 hard maple, yellow birch, sweetgum, yellow-poplar,

3 Growing stock is defined as the net volume in live trees of commercial species 5.0 inches

d.b.h. and over from a 1-foot stump to a minimum 4.0 inch top diameter outside bark of the

central stem or to the point where the central stem breaks into limbs.
4 Sawtimber is defined as the net volume of timber in the sawlog portions of live trees of

commercial species over 11.0 inches d.b.h. containing at least one sawlog.
5 The selected white oaks include Quercus, alba. Q. Mickauxii. Q. muehlenbergii. Q. duran-

dii, Q. bicolor, and Q. marcocarpa. Selected red oaks include Q. rubra, Q. falcata var. pagode~
folia, and Q. shumardii.
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ash, black walnut, and black cherry—that are preferred for cabinet work, paneling,

furniture and other uses where quality and/or surface appearance are important

considerations (Table 3). The rest of the hardwood sawtimber—some 430 billion

board feet in total—was composed of other species such as upland oaks, hickory,

beech, cottonwood, and various other species that have more limited potential as a

source of high-quality hardwood products. However, most of this timber is suitable

for the manufacture of products such as railroad ties, pallet lumber and construc-

tion timber.

Nearly half of all the hardwood sawtiniber was in trees between 11 and 15

inches in diameter at breast height (Tables 4 and 5). Most of this timber is also

suitable for the manufacture of railroad ties and pallet lumber.

The inventory data on species and diameter thus indicate a favorable timber

supply situation for the railroad and pallet industries. They also indicate that the

situation has been improving.

Hardwood Sawtimber Inventories Increasing in Most Diameter
Classes, Species and Regions

For example, in response to fire protection and other forestry programs, hard-

wood timber inventories have been increasing (Tables 6 and 7). In the 8-year

period, 1963-70, the inventory of hardwood sawtimber in the United States

increased by 8 percent—rising from 474.8 billion board feet to 515.5 billion board

feet. In the preceding 10 years—1953-63—the inventory rose by 9 percent. There

have been substantial inventory increases in all but the very largest sawtimber size

classes, i.e., 29 inches d.b.h. and above. Most of the growth, however, has been

in the lower diameter classes.

The largest part of the growth in inventory has also been in species such as

the upland oaks, hickory, beech, cottonwood, and soft maple. There were increases

in the inventory of some preferred species such as the select white and red oaks,

hard maple, and yellow-poplar. But the inventory in yellow birch, sweetgum and

black walnut declined.

Most of the important hardwood regions showed some expansion in hardwood

sawtimber inventories in the 1953-70 period. The largest gains were in the Middle

Atlantic, Lake States, and Central regions. There were also substantial increases

in the South Atlantic and Central Gulf regions.

The West Gulf and East Gulf regions were the only regions showing a decline

in sawtimber inventories. The drop was especially large in the West Gulf region

where the inventory fell from 59.4 billion to 49.5 billion board feet. The drop was

largest in the bottomland hardwood species and presumably reflects the effects of

land clearing.

Growing stock inventories have followed the general trends outlined above

(Table 7).

Growth Exceeds Removals for Most Species and in Most Regions

The trends in inventory provide one measure of the improving hardwood tim-

ber situation in the U. S. Another important measure is the relationship between

net annual growth and annual removals. In 1970 the net annual growth of growing

stock was 7.9 billion cubic feet—some 79 percent above the removals of 4.4 billion

cubic feet (Table 8). In sawtimber size trees, the net annual growth was 19.7

billion board feet—31 percent more than removals (Table 9).
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As illustrated in Table 9, the net annual growth of sawtimber was in excess

of removals for all species, excluding sweetgum and yellow birch, for which separate

data are available. Fragmentary data also indicate that removals are substantially

greater than growth for black walnut. The excess of growth over cut was substantial

for the select white and red oaks and yellow-poplar. Most of this, however, was

in the North.

Net annual sawtimber growth in the North in 1970 was 10.1 billion board

feet, or 1.5 times the removals of 6.8 billion board feet. The largest surplus was

in the Middle Atlantic where growth (3.3 billion board feet) was about 1.8 times

removals.

In the South, net annual sawtimber growth was 7.9 billion board feet—slightly

above the removals of 7.8 billion board feet. There was a large deficit in the West
Gulf region where removals exceeded growth by 53 percent. Growth and removals

were approximately in balance in the Central Gulf region.

There was a surplus in the South Atlantic region with growth of about 2.7

billion board feet and removals of about 2.0 billion board feet.

The growing stock situation by species and region was very similar to that for

sawtimber with net annual growth substantially above removals for most species.

Growth was also substantially higher than removals in all regions except the West

Gulf region, where removals were 6 percent greater than growth.

Although the data on trends in inventory, growth, and removals indicate that

the hardwood timber situation in the United States has been improving for most

species and in most major hardwood producing regions, the aggregate figures con-

ceal some problems. For example, the hardwood sawtimber volumes are dispersed

over not only the 267 million acres in the hardwood types but also as scattered

trees in the softwood types. Much of the larger size timber suitable for the manu-

facture of high-quality lumber and veneer occurs as single trees or groups of trees

that are not economically harvestable. In addition, part of the hardwood timber

in the East is in small private tracts used primarily for homesites, recreation or

other nontimber purposes not compatible with timber harvesting.

The Hardwood Timber Resource in Most Regions Can Now Support

an Increased Level of Cutting—But Problems Lee Ahead

Despite these limitations, it is clear that the hardwood forests, and especially

those in the North, can support an increased level of cutting. Although a substantial

part of the available timber is so small or of such poor quality that it is best suited

for pulp manufacture, the cut of sawtimber size material could be increased by

possibly 2 to 3 billion board feet annually.

Forest Service projections, based on the assumption that 1970 levels of man-

agement will continue, indicate that the supply of hardwood sawtimber will mate-

rially increase over the next couple of decades. Projections of demand based on

the assumptions that ( 1 ) recent trends in population and economic growth will

continue and (2) that there will be no significant change in the 1970 relative price

relationship between hardwood timber products and competing materials and the

general price level are somewhat below projected supplies for the next decade or so.

This suggests that most of the growth in demand, at least during the next few

years, can be met from prospective supplies.

Beyond the next few years, the outlook is not so promising because projected

demands rise more rapidly than projected supplies. The prospective shortfall could
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be accentuated by losses in the area available for hardwood timber production. For

example, there has been a substantial loss in the area in bottomland hardwood
forests in the South in recent years. This has had a major impact on hardwood tim-

ber supplies, especially in the West Gulf region. Further conversion of this kind;

the expansion of cities; and withdrawals for highways, reservoirs, parks, and other
uses could substantially reduce supplies of hardwood sawtimber below the

projected levels.

Thus, the longer-run demand-supply situation indicates that the country is

faced with increasing competition for the available hardwood timber and rising

relative prices—something that is taking place in most regions today. The problem
is likely to be particularly severe for the industries producing relatively high quality

lumber and plywood from preferred species. Nevertheless, all industries, including

the railroad tie, pallet and pulp and paper industries will be affected directly or

indirectly by increasing competition for the available timber supplies. All industries

draw to some extent on the same timber, and price increases for some types of

timber will spread to other species and sizes.

Action Programs Can Increase Hardwood Timber Supplies

The longer-run outlook is based on the assumption that recent trends in man-
agement will continue. The hardwood forest lands in the United States have the

capability, under intensive management, of producing enough hardwood timber to

meet projected demands at prices close to recent levels for several decades.

Intensified management would involve substantial increases in investments in

such measures as planting, thinning, stand improvement, and increased protection

against destructive agents. In addition, it would involve an acceleration of research

programs designed to invent new technology and ways of increasing the efficiency

of timber production and utilization.

The opportunities for management intensification exist on both public and
private lands. There is, however, a special need to intensify management on non-
industry lands in farm and miscellaneous private ownerships. In the East, these

holdings contain some 75 percent of the hardwood sawtimber inventory and are

the source of 88 percent of the hardwood logs and pulpwood used by industry.

To achieve major increases in hardwood timber supplies it will be necessary

to substantially increase the level of management for farm and miscellaneous private

ownerships. There is an especially strong need for strengthening the:

( 1 ) Cost-sharing programs to help finance intensive hardwood management
practices such as timber stand improvement, thinning, and planting and

(2) Technical assistance and education programs to show land owners how
to manage, harvest, and develop hardwood forests.

There is a related need for research programs which will:

( 1 ) Develop more effective and economic ways of managing hardwood
stands,

(2) Develop superior strains of hardwood planting stock,

(3) Determine ways of stimulating the owners of hardwood forests to prac-

tice better management, and

(4) Develop ways of extending hardwood supplies through improved util-

ization.
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In closing, I believe the hardwood situation can be summarized in this way.

We have enough hardwood sawtimber in the North and in the South Atlantic

region to support an increased level of cutting in the next few years. Beyond this,

however, projected demands rise more rapidly than supplies. Thus, unless manage-

ment and research programs are promptly intensified we can expect increasing

competition and rising relative prices.

Table 1.—Area of hardwood eosmuercial forest land in the United States,
by -forest type, section, arid region, 197C

(Thousand acres)

Section
and

region
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Table 6. -Ret volume of hardwood proving stock on commercial forest land In the United States
region, and State a.i of December 31, 1952 and 1962 and January 1, 1970.

(Billion cubic feet)

Section, rejion
and
State
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Table 7. Net volume of hardwood sawtiober on commercial forest land In the U.S. by section, region,

and State, as of Sccenoer 31, 1052 and 1^2, and January 1, 1973

[Million board feet, International 1/4-lnch log rule]

Section, region
and State
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T*M« i. — 1*: fcnaual |fwtl and removals of hai-dvoud growing stock on comci-cIaI fares

in toe United States, by spicles, section, And nf.oa, 1^79

.(Thousand cubic feet)

Section
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Tabla 9---Bet annual growth and rv-sovals of hardwood snwtlaber on conserclal forest land

la the -Jolted States, by opeclea, section, and region, 1970

(Thousand board feet. International l/lt-lncb rule)

Section
end



Metal Building Systems in the Railroad Industry

75-648-72

By D. A. BESSEY

Architect, Chicago, Milwaukee, St. Paul & Pacific Railroad

Almost since the inception of the metal building concept, the railroad industry

has been a heavy user of this type of structure. The metal building seemed to fit

our needs in many applications. Twenty-five to thirty years ago, when the railroad

industry was changing from steam to diesel power, metal buildings were used for

diesel fueling pump houses, small shop buildings and one- and two-stall diesel

houses. The metal building manufacturers have come a long way from the days of

the pump houses and the one-stall diesel shops. Many of these changes were brought

about by demands of all industries, including the railroad industry. While I have

no information to support this assumption, I feel the railroad industry itself has

greatly influenced the development of the metal building concepts that are avail-

able today.

This presentation will cover a general review of where metal buildings are

presently being used throughout the railroad industry, as well as to take a look at

new developments in the industry:

One area that continues to see quite a bit of activity is rail and truck terminals

or combination rail/truck terminals. This type of construction utilizes the long-

clear-span structure as well as multi-span structures.

Others include diesel repair facilities which, as I mentioned, are a far cry

from the one-stall diesel house of 25 years ago.

Metal building systems can be designed to accommodate a number of auxiliary

loading devices, such as overhead cranes.

Committee 6 met at Albany a few years ago to inspect a diesel repair system

at the Perlman Yard on the Penn Central. The data collected formed the basis for

revision of Manual Chapter 6.

There are many small facilities for minor maintenance of diesel locomotives.

We installed three such buildings on the Milwaukee Road 25 years ago. Two have

been relocated but are still in use.

Car repair facilities are located all over the country and follow a fairly set

pattern. Most buildings have open-end walls. However, some are totally enclosed

in the north country. In the more southern climates the side walls—or at least the

lower portions of the sidewalls—are often left open.

Yard office buildings include office space, as well as maintenance and storage

areas, and very often, washroom and rest-room facilities.

Those are a few recent applications of metal buildings in the railroad industry,

but let's talk about some of the changes that have taken place in the past few years

that will affect any decision regarding new building construction.

The image of the metal building industry has changed significantly. In the

older buildings, the slope is very high, probably a 4 and 12 roof slope; windows

and doors are utilitarian; attractive fascia and eave trim were almost non-existent

in the past.

Note: Discussion open until October 15, 1974.
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The metal building of today is quite a bit different. Perhaps the most important

thing that has happened is in the area of appearance. Metal buildings today are

simply more attractive, more aesthetic, more appealing to the wide variety of users

that we work with. The biggest change in the appearance area is color. Galvanized

steel is now color coated before the panels are even formed. The color coating used

today is far superior.

The color is guaranteed by many manufacturers for as long as 20 years. The
choice of colors is broader and much more appealing. Every metal building manu-
facturer has at least six choices and many go up to 10 and 12 choices of standard

colors.

Other elements that have greatly helped the appearance of metal buildings

are the accessories that are used—doors, windows, overhangs, canopies, eave projec-

tions; even skylights and wall lights have been drastically improved, both from the

standpoints of quality and appearance. Designers and architects have learned to

utilize the standard accessories and other associated accessories such as brick,

aluminum storefronts, or some of the other more conventional materials that improve

the appearance of a structure.

Another area where significant changes have been made is in the roof of a

metal building. As I mentioned the earlier small building had a roof slope of 4 and

12. These higher slopes are almost non-existent in the industry today. Roof slopes

now are commonly in the area of % and 12 or 1 and 24, which is almost flat. The
high-pitch roofs are just not preferred in larger buildings. Lower slopes mean less

attic space that might need to be heated; outside appearance, of course, is greatly

improved by the lower roof slopes. But to reach this level of the almost flat roof,

the metal building industry had to develop roof panel joints that don't leak.

Some manufacturers have had a standing seam roof since 1930, but within the

last five years definite improvements in this technology have been made. The roof

panel is still 2 or 3 in deep, and it still has the positive interlock between the male

and female ribs, but today greater protection in watertightness is accomplished by

using plant-applied sealants in the female rib to give greater protection, and the rib

is more securely locked. To keep the rib securely locked together, a mechanical

device was developed that runs up and down the roof, crimping the rib of the

panel after they have been placed.

Of course, with the lower slopes, the subject of durability has become of

greater concern. Aluminum-coated steel, though available for many years, is now
used extensively in metal roof construction. The finish is guaranteed for 20 years in

virtually all kinds of atmospheric conditions.

Fasteners is another area of a significant improvement. They have been engi-

neered and tested to a very high degree, including the washers that seal the openings,

the drilling tip that drills its own holes, and even the tools that install the screws

to assure proper seating of a washer.

Openings are more common today for such things as air intake, or air exhaust

units, roof-mounted equipment, and ducts and vents of all sorts, sizes and shapes.

Great attention has been given to developing the proper curbs and flashings that

allow these roof penetrations to operate effectively for many years without mainte-

nance problems. The development of these lower roof slopes has led to another big

change in the metal building industry, and this involves framing systems.

With the newer low slopes it is possible to construct very wide buildings with

a single gable. Virtually eliminated is the need to build with valley gutters or interior
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drainage systems that used to cause problems. Buildings can be erected 600 ft wide

with a single gable located in the center, providing 300 ft runs on either side. Now,
it would be impractical to go 600 ft wide with a clear span rigid frame—the pre-

dominant metal building used some years back.

Today, the beam-and-column building is available in a wide variety of bay

spacings. The beam-and-column building is especially suitable for tire lower roof

slopes without valley gutters. The beam-and-column system is perfectly sui.ed for

material handling systems that will be attached to the framing system. Buildings

today are designed by a computer and can easily accept these auxiliary loading

conditions.

Another change being made in the metal building industry is in the area of

mill buildings. By mill buildings, I mean the very heavy structural truss type build-

ings diat have crane loads—10, 20, maybe even 30-ton cranes; high buildings that

require an interior clearance 30, 40 even 50 ft high. Again, you can't supply these

buildings in the more common rigid frame clear span design. This mill building

design is especially suitable for diesel repair shops.

Non-standard buildings have almost become standard in this day and age. Sev-

eral years ago we would ask for a special size or special shape, or special loading

condition, and would be told: "No, we can t do it; it's not standard.' Today, with

computer technology, there are very few project requirements that cannot be satis-

fied with a metal building system. Bay spacings used to be limited to 20 or 24 ft.

Today bar joists permit bay spacings up to 40 or even 44 ft.

In the old days, field modification of a standard building size or shape was

very difficult and usually quite expensive. Today, the network of building dealers

throughout die U. S. make field modification a very simple and economical solution

to design problems.

We have discussed some applications of metal buildings in the railroad industry

and some recent developments. This is a quick look at metal building construction

and how it relates to the railroad industry. It seems to me there are certain impor-

tant distinguishing characteristics that apply to us—to the railroad industry in

particular.

First, reduced maintenance. The exterior finish of most metal buildings is a

baked enamel material, minimizing the need for repainting. And the possibilities

of structural deterioration, cracking, damp rot and insect damage are greatiy reduced.

Second is flexibility. Since structural members of metal buildings are bolted

together and walls are non-load-bearing, they can be expanded simply by removing

wall panels, erecting additional framework and re-using the panels that were

removed.

Third, predictability of cost. Since die metal building manufacturer knows his

production and distribution costs, firm prices can be provided on materials and the

cost for installing them.

And finally, faster occupancy. It is estimated that the average metal building

can be constructed in about two-thirds the time it takes to complete a comparable

conventional structure.

Obviously, metal buildings cannot solve all of our construction problems. But

over the years die railroad industry has used die metal building to fill many needs

and with the continuing improvements being carried out by the metal building

manufacturers, metal buildings should continue to play a large role in future building

construction for the railroad industry.
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Rail-truck terminal.

Diesel repair facility.
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Running repair facility using multi-span mill building concept.

Another diesel repair facility.

Kill. 648
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There are many small facilities for minor diesel maintenance.

Car repair facility.
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Car repair facility with open-end walls.

Metal buildings today are more attractive in appearance.
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Mechanical devices were developed to help erect watertight roofs.

I i

With the newer low roof slopes it is possible to construct wide buildings

with a single gable.
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The beam and column building is available in a wide variety of bay spacings.

Bar joists permit bay spacings up to 40 or even 44 ft.
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Remarks by Chairman D. V. Sartore*

Welcome to the 1974 Annual meeting of the Association of American Railroad's
Engineering Division.

Most of you were present this morning when I welcomed you to the opening
session of the American Railway Engineering Association Technical Conference.
New you find me welcoming you to the Association of American Railroad's Annual
Engineering Division meeting. I am certain many of you have a question in your
minds regarding the difference between the AAR Engineering Division and the
AREA, so I will attempt to explain my thoughts on the relationship. My explana-
tion may not be in the exact words of an official explanation, but I hope it will be
adequate. Let me start with the AAR Engineering Division.

The Engineering Division is under the Operations and Maintenance Depart-
ment of the AAR. It is responsible for making recommendations to the Operations

and Maintenance Department on all matters pertaining to engineering and mainte-

nance of way. Its prime area of responsibility is policy-making rather than technical

although it does handle many technical matters. In this respect, then, the AAR
Engineering Division is the official railroad industry body regarding engineering

and maintenance of way matters.

The AREA, on the other hand, is a private organization of dues paying mem-
bers, and has no official status insofar as the railroad industry is concerned. There-

fore, while the AREA cannot take any action that would be binding upon a railroad

company, the AAR-ED, with proper approvals, may do so.

As an example, the AAR-ED gets involved in such matters as the FRA track

standards, legislation affecting engineering or maintenance matters and other policy

decisions.

The AREA on the other hand can make recommendations on such matters as

proper superelevation on curves, specifications for ballast, satisfactory impact per-

centages for bridges and suggested requirements for work equipment.

Matters to be considered by the AAR Engineering Division are handled by the

General Committee, which I will describe in a few moments. In matters of con-

siderable importance to the industry, the recommendations of the General Com-
mittee are then submitted by letter ballot to the voting members. There is one

voting member designated by each railroad company.

The General Committee is appointed by Rex Manion in his capacity as Vice

President, Operations and Maintenance Department, AAR. Until this year, the Gen-

eral Committee usually consisted of the 17 members of the AREA Board of Direc-

tion, if all of them represented AAR Member Roads. This year, however, the Gen-

eral Committee has been enlarged to a maximum of 21 members. The AREA Board

will probably still form a nucleus of the group, but all its members may not neces-

sarily be appointed. The balance will be selected from other AAR Member Roads

to provide balanced representation from the various regions of the country. Also,

since this body has policy making responsibilities, no railroad may have more than

one representative, and it is intended that most of its members be chief engineering

officers of the railroads they represent.

While there are other details I have not gone into at this time, I believe this

gives sufficient information on the relationship of AREA to the AAR Engineering

Division to clear up some of your questions.

° Chief Engineer—Design, Burlington Northern, Inc., St. Paul, Minn.
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I would now like to mention briefly some of the more important matters that

have been handled by the Engineering Division this past year.

Reorganization of General Committee, which I have mentioned.

Track Scales—Made presentations to the National Conference on Weights and

Measures on several matters relating to regulations for in-motion weighing. Thus

far, the results have been most encouraging.

National Electric Code—Worked with AAR Legal Department to prevent the

adoption of code revisions that would have been detrimental to railroads.

Vegetation Control—Arranged for testimony on matters related to more

stringent restrictions on the use of certain chemicals.

Environmental Matters—Worked toward legislating one national standard as

opposed to many different state standards.

Research—Worked closely with the AAR Research and Test Department, the

Federal Railroad Administration and the AREA in progressing research of maximum
benefit to the industry.

This last item points out the desirability of cooperation by everyone connected

with the railroad industry. Through close cooperation between railroads, suppliers,

educators, consultants, governmental agencies and railroad agencies, maximum bene-

fits can be obtained for the effort expended. There is no excuse for some areas

being worked on by several interests, with the resulting duplication of effort, while

other areas of concern are ignored. Through communication and cooperation such

duplication can be eliminated.

An excellent example of cooperation is the Track/Train Dynamics Program.

Ed Lind, project director of the Program, will speak on this later this afternoon

but I hope he won't mind my saying that the valuable work accomplished thus far

in the program is a tribute to the cooperation between the AAR representing the

railroads; the Railway Progress Institute, representing the Railway Suppliers; the

Federal Railroad Administration, representing the United States Government; and

the Transport Development Agency, representing the Canadian Government. It has

been my privilege to be a member of the Steering Committee on this program, and

I can assure you the cooperation has been excellent.

It is through cooperative programs such as these that the railroad industry will

continue to improve. As many of you know, my favorite subject this past year has

been the benefit to be derived from cooperation, and I couldn't let an opportunity

to say a few words on the subject slip by without doing so.

I realize that for those of you that are familiar with the AAR Engineering

Division my remarks this afternoon have not added to your knowledge. However,

I felt there were many present who had not had an opportunity to become familiar

with the work of the Division and I hope they now have a better understanding

of what this important group does.
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I am pleased to join with you at this annual meeting and to have the oppor-

tunity to direct a few remarks to your attention. Your program diis afternoon and
in the related AREA sessions focuses on many important and current aspects of

railroading of interest not only to the engineer but to the planner and the man-
ager—a clear indication of the breadth of interest and understanding of the rail-

road engineering community.

As noted in this morning's AREA program, this is the 75th anniversary of the

AREA (to which the AAR Engineering Division bears a strong relationship). In

these 75 years die railroad engineering community—a term I use to embrace not

only those of us who are employed by the railroads, but also those of the supply

and academic worlds who have traveled the route with us—have given great support

and encouragement in those 75 years. These people have created great changes in

the transporlation world and have been partly responsible for maintaining a most

remarkable record in providing low-cost transportation during periods when almost

all other costs have skyrocketed.

As much as has been accomplished, however, it seems we never get ahead—
the challenges continue to appear—and it seems, increase in number and intensity.

The situation is dynamic—and of course the response must also be dynamic. While

you modestly bow for your past many successes, you must keep poised and ready

to carry out greater accomplishments.

Certain present aspects of our end of the business are quite unsatisfactory to

us. I say "us"—in drat I am including myself with you. I am talking, of course,

about levels of maintenance—various areas of maintenance—and various locations

—and the impact of this on (1) safety, (2) service and reliability, (3) earnings,

and (4) competitiveness.

Xow, on top of that situation (which must be overcome) the industry is facing

a tremendous growth requirement. Yes, I said "requirement."

Both of these things are "musts." How can they be done?

Some one of you has probably just said, "All it takes is money." Well it does

take money—more than we have been able to get—but we're going to have to get it.

This requires some changes—changes in public understanding and in national

transportation policy. And I don't think any of you should despair of that being

possible or happening. Quite a few things have been changed lately after great

and earnest effort—and there is great and earnest effort being made now by many

industry leaders and they are being heard.

I mentioned that there are aspects of our business which are unsatisfactory.

Most of these situations have come about because of earnings at levels too low to

provide funds needed for both maintenance and capital expenditures required to

keep the properties up to levels equal to increasing size, speed, and service demands.

And those low earning levels have resulted generally from lack of enlightened

public policy.

The shock of what has happened to our rail systems in the northeast has many

important people in government and the business world thinking and understanding

better the relationship between a healthy transportation system and a live and healthy

economy—and the public welfare in general. They are also trying hard to under-

stand what it takes to create or maintain a healdiy transportation system. Leaders

Vice President, Operations and Maintenance Department, AAR.
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in the rail industry, related supply industry and shipper groups have long been

trying to secure this understanding. It does now appear that real headway is being

or about to be made.

In testimony before die House Appropriations Subcommittee on Transportation

just this month, Stephen Ailes, president of the AAR, pointed out to the Congress

these, among other important things:

DOT studies show that intercity freight tonnage in 1972 was 2000 billion

ton-miles. DOT forecasts that by 1990 it will be 4100 billion ton-miles. In 1972

the railroads provided 38% of these ton-miles. At the same rate in 1990 they must

carry 1,560 billion ton-miles. This is an increase of almost 100%. If the energy

shortage continues until then the demand for rail freight services could well be

substantially larger than this estimate. (As you know, we have seen a significant

shift of traffic to rail this last year because of the petroleum shortage).

The railroads are and will be in the future essential to the nation's welfare—
the question is not whether we need the railroads to do a big transportation job;

the question is what we must do to assure that the railroads can do that job.

One goal of our national transportation policy should be to see to it that in

1990 and beyond we as a nation are served by a strong well equipped, well main-

tained, privately owned, and privately operated railroad system ready to play its

proper role in meeting the nation's transportation needs.

In order to do this, the railroads must be capable of raising the capital funds

required to renovate, modernize and expand their production facilities to meet the

enormous demands which will be put upon them, as well as maintaining facilities

and equipment to adequate (and federally required) maintenance levels.

How will this money be generated? It only can be accomplished if railroad

earnings improve substantially over levels achieved during the last two decades.

The key to railroad earnings lies in an ability to adjust rates upward on a timely

basis. Our national transportation policy must have as one of its major goals the

development of a financially healthy railroad industry. Rate regulation, in both its

substantive decisions and in the timeliness of the rate relief granted, must be used

to protect and expand the earning power of the railroad industry.

Interim federal financial assistance may also be needed to get the railroad

industry over the especially difficult years just ahead. The many years of depressed

earnings have left our railroad companies short of money for new freight cars,

modernized terminals, rehabilitated track, and working capital.

Returning to our present situation and current pressing needs:

We are acutely aware of the fact that in 1973 we experienced an unacceptably

high rate of train accidents—a 16-year high of 9396. Compare that with 1972 of

7532! Even discounting the effect of inflation on the reporting threshold of $750—
it's still too much!

I mention this to you because upon examination of derailments by reported

causes, those attributed to maintenance of way and structures defects have been

steadily climbing. In 1956 tiiey represented 29%. With unbroken increase, in 1972

they were 45%. Sorry I don't have the figure yet for 1973.

There are many roads, of course, not experiencing such a severe upturn in train

accidents—and recognizing the funding problems existing in many areas to correct

the underlying causes, I join Federal Railroad Administrator Ingram in urging

vigorous action programs to turn this trend around.
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Mr. Ingram suggests consideration of the following:

1. Review of current track and equipment maintenance programs to assure

that they are responsive to safe operations.

2. Diligent adherence to FRA track and equipment standards.

3. Examination of scope and schedules of safety programs to devise ways
of improving effectiveness.

4. Special safety training programs for all employees in hazardous assign-

ments to be completed within the first half of 1974.

Well—we started out talking about challenges—things yet to be done. There
are plenty and they are important. However, as I also earlier mentioned, your record
is outstanding and you can manage these too.

Work Under Way at AAR Technical Center
75-648-7 3

By H. I. DWYER
Director, Technical Center, Research & Test Department, AAR

Today I shall talk about some of the work under way at the Research & Test
Department Technical Center. While we have research programs in just about every

aspect of railroading. I shall restrict these remarks to those of greatest interest to

the railroad engineering community. Specifically I shall talk about research in rail

and in track, and conclude with a report on a special metallurgical study on bridge

eyebars.

Rail

The main thrust of rail research at the AAR Technical Center is development

of means for a reduction in flaw propagation and catastrophic failure in rail, and
premature removal of rail from track. An end product of this program should be

a rail steel which will have improved fracture toughness properties, and hence

better strength and durability combined with improved wear resistance.

An important part of our program involves determining the fracture problems

of existing rails. Fig. 1 shows the results gathered to date. Notice that the control-

cooled rail and manganese-vanadium rail are at an intermediate level of fracture

toughness with the Hi-Si rail and the High Chrome rails at a somewhat lower level.

The two types of heat-treated rail show a superior fracture toughness. Table 1

illustrates the meaning of this. It shows the effect of stress and crack size at, say,

a bolt hole which will cause a sudden catastrophic failure, or more accurately, near

instantaneous crack growth to complete failure. Note that for the Chrome and Hi-Si

rail a defect of 0.1 inch in length will cause a catastrophic failure at 13,400 psi

stress, whereas for a control-cooled or manganese-vanadium rail the same crack

length requires a 20,000 psi stress for sudden rupture. Note also that the fully

heat-treated rail with a 0.1 inch crack will not fracture suddenly until 27,800 psi.

The heart of the improved rail program will be a cooperative AISI-AREA-AAR
research program.

The AISI-AREA-AAR Rail Research group has defined a two-year rail research

program within the guidelines established by the Ad Hoc Committee on Rail

Research. The initial objective of this program will be to determine if the probability

of rail failure can be predicted by metallurgical properties.
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taining a detected defect. These specimens will be used to determine the spectrum

of properties which possibly may be associated with each type of defect. To date 59

of these rails have been gathered from four railroads. Rails returned which have

bolt hole failures or mechanically initiated base breaks will be used to determine

the range of properties which may be associated with rails which do not have

metallurgically induced defects. All samples submitted will be broken open, pho-

tographed and verified with what was reported by the field group. Two tension tests

and three Charpy impact tests will then be conducted at room temperature from

specimens machined from each rail.

On the basis of the fracture appearance, type of defect, tensile properties, and

impact properties, selected rails will receive a more extensive analysis.

1. Fractographic features and origin of all discontinuities will be analyzed,

and the chemical properties of the nucleus will be determined.

This will be followed by

2. Chemical analysis for carbon, manganese, phosphorous, sulphur, silicon,

copper, nickel, chromium, molybdenum, nitrogen and oxygen.

3. Metallographic analysis to determine cleanliness, pearlite spacing and

colony size and prior austenite grain size.

4. Tensile properties, including 0.2 percent yield strength, tensile strength,

reduction area, elongation—with stress-strain charts to be retained.

5. Macrostructure with nital etch, hot hydrochloric acid etch, and a sulphur

print (rail wear will also be determined from one of the transverse sec-

tions). The Rockwell hardness will also be determined at Js-inch intervals

diagonally from the gage corner to the center of the head.

6. Charpy V-iwtch impact will be determined between — 50 and 150 F.

7. Contour profile for wear and deformation.

8. Based upon the Charpy test results, five samples will be selected which

represent the variation in properties of the above population. Fracture

properties tests will be conducted to establish the Klc values in accord-

ance with the A.S.T.M. requirements. Klc values will be determined

between — 50 and 150 F. The five samples will be the rails which

represent:

a. the minimum tensile properties

b. the maximum tensile properties

c. the minimum impact properties

d. the maximum impact properties

e. die average tensile and impact properties

9. Establish fatigue crack initiation and propagation characteristics of the

steels selected for fracture toughness testing in Item 8. S/N curves will

be produced using duplicate smooth and notched specimens.

Turning from the lab to the field, selected in-track sites, preferably where the

Field Group will be obtaining samples, and track variables are available, will be

instrumented in an effort to determine service stresses associated with fatigue crack-

initiation. Relationship between service initiated failures and attendant stress envi-

ronment will be correlated. In effect, this would be an analysis of data from state

of stress studies.
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The Center is also in the process of evaluating an improved British rail steel

which has excellent fracture toughness properties. Table 2 shows the composition

of this steel, the standard British steel BS-11, and the AREA rail steel. Note that

the carbon for the standard British rail steel is about 0.55 weight percent and that

for the fracture-tough EN 15 steel is about 0.38 weight percent. Notice also that

the manganese is 1.10 for the standard British steel, and 1.45 for the fracture-tough

steel. The silicon is at levels comparable with those used in this country. There is

also a difference in the aluminum content, being in the neighborhood of a tenth

of a weight percent for the EN-15. Standard British and American steels contain

less than one-one hundredth of a percent. The nitrogen in the EN-15 fracture

tough steel is also higher, being about 0.017 percent as opposed to around 0.007

for the AREA and BS-11 steels.

The mechanical properties of these steels (Table 3) show that while the ulti-

mate tensile strength and yield strength of the EN-15 fracture-tough grade is some-

what lower than either the BS-11 standard British steel or the AREA steel, fracture

toughness is about twice as high as either of the other two standard steels. Also,

the transition temperature of the EN-15 is in the range of 75—100 F whereas the

AREA and BS-11 steels, with their higher carbon contents, are in excess of 200 F.

If we compare the fracture toughness values (Fig. 2) of these steels on a plate

with 30,000 psi stress we find that the size of crack necessary to generate an

unstable fast fracture is 0.22 inches for the AREA composition, and 0.28 inches

for the BS-11 composition, but a very large 1.07 inches for the fracture-tough

EN-15 grade. This results in a four-fold increase in allowable defect size for the

British fracture tough steel (Fig. 3). Other properties of the EN-15 have, however,

created some concern with us inasmuch as material with such low hardness may
not be expected to have wear and flow endurance comparable with the steels in

use today. These factors will also be explored in this study.

Table 2.

—

Chemical Composition of Rail Steels

Element AREA BS11 EN15

C 0.74
Mn 0.85
Si 0.16
P < 0.04
S
Al < 0.01

N 0.009

0.55
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The project that I would like to discuss is concerned with defining the failure

conditions of Curvemaster induction-hardened rails. This project was undertaken

with the cooperation and assistance of the United States Steel Corporation. In late

1970 horizontal-split-head defects began to appear in induction-hardened rails, and

the United States Steel Company conducted a metallurgical investigation in an

attempt to determine the reasons for these failures. This study reached two

conclusions:

1. The fracture initiation site was always a long stringer of non-metallic

material which consisted predominantly of either aluminum oxide or cal-

cium oxide, and

2. The fracture initiation sites were distributed in a random fashion through-

out the rail head, and therefore, did not seem to be associated with the

heat-treatment pattern produced in these rails. (Fig. 4)

The Technical Center obtained from the Louisville & Nashville sections of rails

which had developed horizontal split-heads. Rolling-load tests were conducted on

Fig. 4
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this rail on portions which were defect free. It was found that horizontal split-heads

could be produced in the rolling-load test. At a subsequent meeting between
U.S. Steel and Technical Center personnel it was decided to produce an ingot to

which lime was intentionally added in excessive amounts to subsequently produce a

rail with long stringer-type calcium oxide inclusions. Some of these rails were
heat-treated and others were left in the control-cooled condition. One of the control-

cooled rails and two of the induction-hardened rails showed 2- to 3-inch-long indica-

tions of stringer-type inclusions during ultrasonic inspection. Eight other control-

cooled rails and eight other induction-hardened rails were also submitted to the

laboratory for a series of rolling-load tests to determine the effect of heat treat-

ment, inclusions present, simulated wear, and rail turning on the formation of

horizontal spli'-heads.

The control-cooled rail with the indication of the long stringer non-me.allie

failed at about 1.8 million cycles, while the other control-cooled rails either ran

out to 3 million cycles, or in the case of two rails, failed at approximately 2.3 mil-

lion cycles. All of the heat-treated rails ran out to greater than 3 million cycles

with the exception of the one heat-treated rail with a 3-inch-long stringer indica-

tion. This rail failed at 2.9 million cycles. The last rail is now under test, and the

final research report will be published this spring. On the basis of results to date,

however, it appears that in the presence of a non-metallic stringer a horizontal-

split-head defect may be developed in the induction-hardened rails. However, in

the presence of a similar non-metallic in a control-cooled rail, failure occurs at about

half the number of cycles as in the heat-treated rail. This suggests care should be

taken to preclude the additions of excessive amounts of aluminum or lime to preclude

the formation of these stringers which in turn will prevent the formation of hori-

zontal split-head defects.

Another project sponsored by the laboratory is a graduate fellowship at Car-

negie-Mellon University. This fellowship, which is renewed annually, supports

research into the role of microstructure on the properties of rail steels. An experi-

mental program was carried out last year on fully pearlitic steel to determine the

effects of microstructure variations on tensile and impact properties. A heat-treating

schedule was developed to isolate the effects of prior austenitic grain size, pearlite

interlamellar spacing and, to a lesser extent, pearlite colony size. Both grain size

and pearlite spacing were varied by about a factor of four. The room temperature

yield and tensile strength increased linearly with decreasing interlamellar spacing

and decreasing grain size. Changes in pearlite spacing had the stronger influence,

increasing the yield strength by approximately 30 percent. The reduction of area

was also most influenced by pearlite spacing peaking at a maximum of 25 percent

for medium spacing. Charpy impact tests were performed to obtain an evaluation

of toughness which generally increased with decreasing grain size and decreasing

pearlite spacing. Dynamic fracture toughness values ( Kid ) obtained from instru-

mented impact testing of precracked Charpy bars will be compared with the stand-

ard Charpy results. The data will be discussed in terms of the controlling role of

microstructure on properties on the development of more reliable rail steels.

We also have an ongoing, long-term program of field investigations of rail

produced by different processing methods. This is a continuing effort by AREA
Committee 4, AAR, and AISI. This program is essentially in two parts.

Part 1 has as its objective, the field investigation and analysis of those rails in

service which show some potential for improvement in performance. The conduct
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of the field inspections include the taking of rail head cross-section contours, noting

rail, track and roadbed conditions and reporting on these findings. To date, there

are 17 test curve sites containing such rails as Fully Heat Treated, Induction Head

Hardened, Hi-Silicon, Intermediate Manganese and Standard Control-Cooled. The

rails in these curves range from one to 23 years in service age. Additional sites will

be added as promising rail candidates become available.

Part 2 consists of metallurgical examinations and laboratory accelerated tests on

samples of rail produced with different heat treatments, chemical compositions and

processing methods to determine the quality and strength of the rail steel. To date

such testing has been accomplished on Hi-Chromium and manganese-vanadium rail

from Canada and British rail from England. Yet to be started is work on chrome-

columbium rail from Canada and Chrome-Molly rail developed by Climax Molyb-

denum Co.

Finally, before we leave the subject of rail, I would like to touch lightly on

the subject of flaw detection.

As most of you know, the AAR developed and operated magnetic flaw detec-

tion cars for many years. After the decision by the AAR Board to wididraw from

the operation end a few years ago we continued to build and service these cars

for the owning roads. We also continued development of better equipment, including

solid-state replacements for the original vacuum-tube circuits. In 1973 we made our

first installation of ultrasonics to a standard magnetic car. This system increased

the detection of rail flaws by an amazing 349 percent, primarily by detection of

more flaws in the web. The ultrasonic probe wheel used in this system was mod-

ified by the supplier in accordance with our recommendations and has now been

adopted by many railroads. This design has also been specified in the Request for

Proposal issued by DOT for construction of a detector car to be used in their

programs.

Late last year an evaluation of our resources and objectives in AAR Research

& Test led to a policy decision to withdraw completely from day-to-day detector car

operations and support and to concentrate on advancing the state of the art in flaw

detection techniques. Accordingly we established a phased program under which,

after a suitable transition period, the responsibility for routine repair and parts

supply activities to support the existing car fleet will be assumed by the owning

roads.

As a result, we already have been able to initiate two projects which have

great promise.

The first of these is the construction of a modern detector car which will serve

as a test vehicle for the development of improved flaw detection techniques and

equipment. The second is an exploration of acoustic emission as a means of monitor-

ing rail weld quality. An initial experiment has been run at a rail welding plant on

the Union Pacific to determine the feasibility of determining weld quality at a point

adjacent to the welding operations. Although it would be premature to draw definite

conclusions, the technique appears to hold promise. If successful, a reliable check

for weld quality at a point within one or two rail lengths of the welding station

can be developed.

Track

The heart of our track research program is a contract between the Federal

Railroad Administration and the Association of American Railroads. There are four

major objectives of this program. First, we shall try to provide a tool that may be
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used for the design of track structures. In essence, track design will be studied with
a view toward defining an optimum choice of track parameters such as tie size,

spacing, ballast cross-section, ballast depth, subgrade stiffness, rail size, anchoring
pattern, etc., once the loading environment to which the structure is subjected is

known. The optimum choice should provide the structure that will give the best

performance (minimum total cost) over its life cycle.

The program should also yield information that can be used for the design of

new track components. It should be able to describe the environment to which ties,

fasteners, rails, joints, etc., are subjected so that these components can be designed
to withstand service conditions.

Next, the research program is intended to provide tools that can be used to

investigate track maintenance. We expect it will be able to determine the effect of

track misalignment, missing ties, loose joints, loss of fastener holding power or

anchoring power on the performance of the track structure. By simple extension

the program should also yield information that can enable a railroad to correct a

track structure to meet future demands. We should then be able to answer such

questions as, how to upgrade a track section so that rail roll-over, wide gage or

track creepage is not a problem. To accomplish these major objectives, four basic

tasks have been defined:

1. Task 1—Mathematical Modeling, is aimed at developing equations that

describe the behavior of a track structure under the loading environment

to which it is subjected.

2. Task 2—Ballast and Foundation Materials Test, addresses itself to

describing the behavior of ballast and foundation materials under repeated

load. It will consider the economics of usage of material including con-

siderations of first, processing and transportation costs. It will identify

better methods for selecting these materials.

3. Task 3—Testing Phase, is directed to developing information on the

behavior of components of the track structure under repeated loads; and,

also, at validation of the mathematical models.

4. Task 4—Design of Track Research Laboratory, is intended to develop a

facility in which controlled tests can be carried out. After this facility is

constructed, a wide variety of track configurations and maintenance pro-

cedures may be tested under carefully controlled conditions.

The initial phase of this program will emphasize determination of the stresses

throughout the track structure and quantifying the behavior of the structure under

load. From this information, one will be able to improve the design of those com-

ponents in order that the track structure does not have excessive settlements, ver-

tical and lateral displacements or longitudinal creepage. The effort will also enable

determination of the effects of maintenance level such as missing ties or loss of joint

efficiency. And finally, it will indicate the loading environment to which various com-

ponents are subjected so that they may be designed properly.

As an example of how the information from the mathematical models and

testing phase piece together, Fig. 5 shows a method of design against excessive

vertical track settlement. It is quite similar to the approach taken in Europe under

a committee of ORE. Shown in the top of the figure is the loading environment,

that is, the load vs. frequency of occurrence. A mathematical model of the rail on

a foundation develops the tie reaction. The tie-ballast reaction can be developed
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FIGURE 5. DESIGNING AGAINST VERTICAL TRACK SETTLEMENT REPEATED
FOR MISSING TIES, LOOSE JOINTS AND INCREASE LOADS DUE TO
LOSE OF SURFACE AND ALIGNMENT
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by means of a tie model and via a ballast subgrade model the stresses throughout

the ballast and subgrade can be developed. A check can then be made to see if the

stresses are excessive throughout the track section. If they are, either the material

must be upgraded to withstand the stresses or the geometry of the track section or

components changed so that the stress level is reduced.

I've told you what the program is, now just a brief word of where we stand:

We are in the process of developing the mathematical models to describe the track

structure behavior. We have done an extensive literature review in order to deter-
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mine existing model types and how the remainder of the effort ought to be accom-

plished. The Foundation Materials Test Task is to be accomplished under subcon-

tract, and should start by April 1, 1974. In the Testing Phase we have established

the elements of the program. It includes such items as the determination of the

wheel /rail loading environment under various types of track conditions, develop-

ment of laboratory tests to determine the transfer of stress throughout the track

structure, and definition of the fatigue behavior of track components.

In Task 4, Design of the Track Laboratory, we have reviewed facilities of this

type both here and abroad. We have recently completed a preliminary specification

for the engineering requirements for the track laboratory. Without going into too

much detail, tabulation below shows the kind of aims for the laboratory. Shown in

A: COMPARE DESIGNS

I. - RAIL - INERTIA, WGT. , COMPOSITION, RAIL HEAD
BASE WIDTH.

2.- TIES - WIDTH, LENGTH, DEPTH, BEARING
MATERIAL! Wood, Concrete Etc.)

3. - BALLAST - TYPE-
-DEPTH-
-SIZE,GRADING-

-SHOULDER WIDTH-

4. - TRACK FASTENERS-

5. - TRACK GAGE-

6 - FORMATION PARAMETERS-
7." TYPES OF DRAINAGE-

S'- COMPARE EFFECTIVENESS OF SPECIAL

TREATMENTS TO BALLAST, SOILS-

..
- USE OF POLYMERS TO STABILIZE BALLAST-

2. - INCREASE " THRESHOLD STRENGTH" WITH

CHEMICAL SALTS-

3. -INSERT PROTECTIVE LAYER BETWEEN

BALLAST-BED AND SUBGRADE
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C- COMPARE INFLUENCE OF LEVEL OF

TRACK MAINTENANCE

I. -MISSING, HANGING TIES •

2.- CLEANLINESS OF BALLAST-

3." DENSITY OF BALLAST-

4- LOSS OF JOINT CONTINUITY-

5." TRACK IRREGULARITIES-

-Effect of TypelTwist-alignment^age)

-Effect of Maanitude, frequency-

1,000' or 1,500'SECTIONS
(304m) (456m)

8 TEST SECTIONS
APPROX.TRACK LENGTH
. 6 MILES
(9.65 km)

A. TRACK PANEL TESTING AND
COMPONENT TESTING

B . MATERIALS LAB.
C

.

INSTRUMENT LAB & DATA
REDUCTION

D- MISC; OFFICES ETC-

I " " in TEST SECTIONS
APPROACH, BYPASS
OR CONNECTING
SECTIONS

Zbypass
SECTION

PROPOSED TRACK RESEARCH LABORATORY-DOT" FRA-PRELIMINARY
CONCEPT

Fig. 6
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TABLE 4

CHEMICAL COMPOSITION OF EYEBARS
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TABLE 5

TENSILE PROPERTIES OF EYEBARS

0. 505 In. Diameter Specimens
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Fig. 8

300100
TEMPERATURE,' F.

Fig. 9—The effect of temperature on energy absorbed during fracture of Charpy
V-Notch specimens from eyebars.
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failure should increase the probability of the crack discovery in routine maintenance

and inspection before the critical length is reached. The susceptibility of these eye-

bars to develop cracks in a severe corrosive environment is negligible. Therefore,

deterioration of the environment due to industrialization or other such factors should

have no noticeable impact on failure probability.

A word about the chronology of eyebar development is in order at this point

to prevent misunderstanding. There are three general periods to consider. Before

1901 there were no national standards on this material. In 1901, specification A-7

was introduced. Many, but not necessarily all eyebars of this period conform to the

A-7 requirements. From 1901, eyebars were low carbon steel meeting A-7 require-

ments. Development of heat-treated eyebars started around 1914, and some were in

service as early as 1916. These eyebars have essentially the same fracture properties

as the non-heat-treated bars we examined. High-carbon heat-treated eyebars of the

type used in the Point Pleasant bridge were not developed until the early 1920's.

Hence our conclusion that eyebars made before 1920 are not likely to be susceptible

to sudden failure without warning.



Track-Train Dynamics and the Overturned Rail

75-648-14
By C. W. PARKER

Assistant Chief of Motive Power

Canadian Pacific Limited

Introduction

According to a current definition, track-train dynamics encompasses the dynamic
motion and the resultant dynamic forces that result from the interaction of the

vehicles coupled into a train interacting with the train makeup, grades, curvature

and operating policies.

Since dynamics is that branch of mechanics that deals with the motion of

bodies and the effects of forces in governing motion (as opposed to kinematics

which treats motion in the abstract without reference to the action of forces), it

appears that as railway engineers we have been involved throughout our careers

with track-train dynamics or its effect.

Over the years through which most of us have been railroading a noticeable

change in the nature of train accidents has been taking place. Some of this can be

attributed to improvements in mechanical equipment such as the replacement of

journal box dope by lubricating pads, the improvement of car journal oil, the intro-

duction of journal roller bearings, and the elimination of cast iron wheels in favor

of steel wheels. These have effected a gratifying reduction in the frequency of

accidents caused by the failure of wheels and axles. The improvement in this area

of derailment statistics, however, has been largely offset by the number of derail-

ments involving harmonic roll and overturned rail.

Roughly 10 years have elapsed since harmonic roll with wheel lift reappeared

in sufficient degree to cause a startling number of derailments. The nature and

causes of the problem were extensively researched, and the factors for correction

were given enough publicity that there is no intention of covering the same

ground herein.

At about the same time the incidence of overturned rail climbed sharply. We
have always had some cases of overturned rail, of course, mainly recognizable in

jackknifing incidents developed in back-up movements or in situations involving a

concentration of locomotive units in braking with or without slack run-ins. The

increase in derailments of this kind occurred about the same time as heavy-duty

six-axle locomotive units were introduced in quantity as well as 100-ton and 125-

ton cars.

A number of individual railroads, including the Chessie System, Penn Central,

Southern, Santa Fe, Southern Pacific, Canadian National and Canadian Pacific, all

with the help of General Motors' Electro-Motive Division, attacked the problem

directly in the form of instrumented studies of test train movements which pro-

duced sufficient results and recommendations to bring the overturned rail problem

under control on the roads mentioned. There remained, however, some categories

of derailment not fully researched or overcome.

In 1972 the AAR joined forces with the Federal Railway Administration and

the Railway Progress Institute to set up the AAR-RPI-FRA National Research

861
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Program in Track-Train Dynamics, a 10-year effort under AAR administration which

will embrace the following studies aimed at reducing train accidents:

• train handling

• enginemen's training

• enginemen's sensitivity and locomotive response

• train makeup
• rail rollover

• wide gage

• lateral track instability

• lateral car instability

• lateral train instability

• harmonic roll

In addition the manufacturers of cars and car components are cooperating with

the AAR and the RPI in research on the design and dynamic behavior of couplers

and truck components. At the same time important work is being done under the

national railway administrations of Britain, France and Japan in some of the same

areas as are listed above.

It must be acknowledged that a vast amount of research effort is being devoted

to aspects of the train accident problem, particularly in track-train dynamics. So

much useful information has already been developed, however, that no effort should

be spared to publicize the constructive recommendations already in the hands of

individual railroads.

One of CP Rail's more productive efforts involved an attack on the overturned

rail problem. The scope of the problem, the means of testing and analysis, and the

conclusions resulting are discussed herein.

The L/V Ratio

In view of the widespread publicity given the excellent work of Electro-Motive

Division's L. F. Koci, H. A. Marta and W. R. Klinke in the analysis of wheel/rail

— ;
~
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forces, as exemplified in the paper "Wheel and Rail Loadings from Diesel Locomo-
tives," given before the AREA, the AAR, the RF&OOA and numerous individual

railroads, it would be redundant to review the forces involved in curve negotiation

and the influence of speed, wheel slip, buff loads, sanding and other factors on rail

loading. For the present record it may be noted that rail rollover becomes possible

when the resultant R between the total lateral force L of the wheels on one side

of a truck and the total vertical force V of those wheels on the rail falls outside

the base of the rail. If it were not for the restraint provided by rail spikes, anchors
and the adjacent lengths of rail, overturning would be imminent at the following

values of L/V:

Rail

Section
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test, car
unit 1 unit 2 unit 3 ET-800 unit h car 1 car 2
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By means of a Honeywell model 1612

oscillograph and a Sangamo 3500

magnetic tape recorder the

following functions were recorded:

1. Lateral force loading at

the no. 3 axle of the fourth

unit

.

2. Truck swivel angularity, trailing

truck of the fourth unit.

3. Coupler force at the trailing

coupler of the fourth unit.

4. Coupler angularity at the trailing coupler

of the fourth unit.

5. Train speed and location with reference to track

mile posts.

6. Throttle position in motoring and dynamic braking.

7. Traction motor armature current in motoring and

dynamic braking.

8. Brake pipe pressure.

9. Locomotive brake cylinder pressure.

10. Use of sand.

11. Margin event marker.

Using a wheel load dynamometer installed on £est car

ET-800, further functions were recorded on a Honeywell

model 1108 oscillograph and magnetic tape:

12. Rail vertical profile, right side.

13. Rail vertical profile, left side.

14. Train speed and mile posts.

15. Margin event marker.



Report by C. W. Parker 865

Test Trains

Train One

The first of the three test trains was made up to duplicate, as nearly as pos-
sible, the consist of a 77-car 6685-ton train of which the rearmost two units of the
4-unit locomotive and the first 26 cars derailed on a 10-deg curve at mileage 24.8,
Mountain Subdivision, on January 2, 1972, due to overturning of the outer rail.

As shown below the test train's first 20 cars were 40- and 50-ton loaded grain
boxes and the next 29 cars loaded covered hoppers mainly of NAHX registry.

E3- weight of c*r cont^iti

Eg---- -«*•?»-•
a<lm|i.).t,ti1 vko«j

-R.j^inj uni4«»rifj«d

Consist of Test Train One

Train Two

The second test train was a coal unit train comprising 88 loaded 100-ton

cars, dynamometer car 62 and caboose, totaling 11,823 tons. The EMD test car

was located, as before, between the third and fourth units of the locomotive consist.

From Golden westward two radio-controlled remote units were marshalled

between the 41st and 42nd cars of Train Two.

Train Three

Like Train Two, the third test train was also an 88-car coal unit train contain-

ing remote radio-controlled units which were located behind the 39th car. The test

car, however, was marshalled in the remote consist to read coupler force and other

data at the rear of the remote consist instead of the lead consist. Train Three

totalled 12,008 tons.

Test Runs

Starting from Leanchoil at die summit of the 18-mile descending grade between

mileage 17 and 35 on the Mountain Subdivision, and using three different engine-

men, Train One made six westward runs on March 23, 24 and 25, 1972.

As it had been recognized prior to the investigation that the use of maximum
(700 amp) dynamic braking on a 24-axle consist in this territory was conducive to

overturning rail, instructions had previously been issued to restrict dynamic braking

to 500 amps. To explore the relationship between coupler force and dynamic brake,

various levels of dynamic brake between 300 and 600 amps were employed in the

six test runs between Leanchoil and Golden with the following results. Details of

the runs were charted in Figs. 1 to 6. (See pages 870-873)
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Results

Although Train One was little over half the total tonnage of the other two

test trains, it was the most critical as it contained a group of 40- and 50-ton box

cars immediately behind the locomotive. Calculations by EMD's engineers had indi-

cated that on a 10-deg curve a coupler force of 175,000 lb could create an L/V
ratio of 0.69. Even employing a restricted dynamic brake, maximum buff forces

often approached this level.

With the loaded 100-ton cars comprising Trains Two and Three a greater

vertical force existed at each wheel, therefore a greater lateral force could be tol-

erated. For these trains the calculated maximum coupler force that could be tol-

erated on a 10-deg curve was 240,000 lb. This level of coupler force was not

approached at any time on Trains Two and Three.

As Figs. 1 to 12 depict only the information of speed, train air brake, dynamic

brake, track grade and curvature, and drawbar force at the rear of the locomotive,

they provide no indication of adverse influences due to such factors as excessive

sanding, irregular cross-level, spread gage, track misalignment, or excessive roll of

locomotive or car. Nevertheless, a study of the buff loading curves reveals a number

of causes of high buff loads:

Rapid deceleration of the locomotive independently of

the train, owing to

a) changing from motoring to dynamic braking without
sufficient delay to permit decay of the traction motor
residual field

b) advancing the dynamic brake too rapidly

c) while on descending grade, encountering a stretch

of level track or (worse) ascending grade

d) with the remainder of the train on tangent or mod-
erate curvature, the locomotive encounters one or

more sharp curves

e) applying the independent brake (not charted)

Fig.

Fig.

Fig.

Fig.

Fig.

Example

3, mile 31.5

10, mile 118.5

12, mile 114.7

2, mile 28
12, mile 118.6

Fig. 2, mile 26.7
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Release of a train brake application on descending
grade, particularly when followed by an increase in

dynamic braking. As the rear brakes are the last to

release there is a stretching effect at the rear prior to

final release, which is more pronounced if the rear cars,

as in the case of Train One, are empties; the slack

then runs forward. If a retarding condition prevails at

this time at the front end, such as an increase in dynamic
braking or an easing of the grade, a noticeable increase

in buff loading at the rear of the locomotive occurs.

Fig.
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Note Runs 4*5

terminated at Gicnogle

brc«u!i ot derailment

at mileage i3.4 in Run 3

50O
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Recommendations

1. Dynamic braking—As the level of braking effort obtainable with the 700-amp
maximum braking current available on modern diesel locomotives promotes excessive

L/V conditions in the operation of 24-axle locomotives in mountain territory char-

acterized by sharp curves, the maximum dynamic braking current on 24-axle loco-

motives should be restricted. A safe value is 500 amp.

To reduce to this level by a simple circuit change will reduce the maximum
braking effort on a 4-unit consist of 6-axle locomotives from 240,000 lb to 172,000

lb as shown (See diagrams on next page). However at speeds above 20 mph the

loss of braking effort is unnecessary and undesirable.

At Canadian Pacific's suggestion, EMD has developed a modified dynamic

braking curve that "lops off" the undesirable peak between the 172,000 and 240,000-

lb braking level but retains the former braking capacity in the higher speed range.

2. Train handling practices for the handling of heavy trains in mountain ter-

ritory with locomotive consists of 18 axles and over should incorporate such genera]

principles as the following:

a) When a train standing on a descending grade can be held by the inde-

pendent brake allowing full recharge of the train brake system, and the

train after starting will require a train brake application, such application

should be made prior to the initiation of dynamic braking and should

be of sufficient magnitude that only a moderate application of dynamic

braking will suffice to modulate speed until it is necessary to release the

train brake.

b) When a train standing on a descending grade cannot be held by the

independent brake but requires also a train brake application to hold

the train stationary, the train may start out with full dynamic brake to

permit recharging the brake system, followed by an automatic service

reduction of sufficient magnitude that only a moderate level of dynamic

braking will suffice to modulate speed until it is necessary to release the

automatic brake.

c) When both air and dynamic brake are employed together on a descend-

ing grade and the air brake only is to be released, the dynamic brake

should be reduced to a level not exceeding 400 amp while the train

brakes release and the slack closes in to the head end. The reduction in

dynamic braking is to reduce the lateral forces developed by the run-in

of slack against the restraining effort produced by the dynamic brake.

After the slack has closed the required level of dynamic braking may

be resumed.

d) Whereas successive applications and releases of the train air brake may
be made with relatively short intervals between release and re-application,

a lower number of longer applications is preferable to a succession of

frequent short applications. The train brakes should not be used in a

succession of brief applications to control train speed while maintaining

a moderate to high level of dynamic braking. Moreover, applications

should not be of too short duration.

e) When changing from motoring to dynamic braking, if the locomotive

includes units not equipped with an automatic time delay power-to-

brake, the selector level must remain in OFF position for at least 10

seconds before entering the braking zone.
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f ) When increasing the level of dynamic braking, the lever must be advanced

gradually, not rapidly, as a rapid build-up of dynamic braking effort can

produce excessive lateral wheel-to-rail forces at the rear of the locomotive.

g) In descending a grade in dynamic braking, if the locomotive encounters

a stretch of level track or ascending grade or enters one or more sharp

curves, these physical restraints tend to increase the buff force behind

the locomotive and the level of dynamic braking should be reduced

briefly to compensate.

h) When entering a siding on descending grade during dynamic braking,

the dynamic brake should be reduced below 400 amp before entering

the turnout and this level should not be exceeded until the forward half

of the train is in the siding.

i) Independent brake should not be used in conjunction with the dynamic

brake at speeds over 10 mph. Under 10 mph it may be used to keep

the slack bunched, care being exercised to prevent wheel slide.

j) When making a reverse movement with a long or heavy train, particularly

when that part of the train closest to the locomotive is negotiating a turn-

out, extreme care must be exercised to prevent the development of a high

buff force between the locomotive and the train. If there are more units

in the locomotive consist than are actually required to move the train at

a low speed, such extra units should be isolated beginning at the unit

farthest from the train. Before commencing the back-up movement it

must be known that all train brakes are released.

3. Particularly for mountain territory, train marshaling regulations should

prevent the inclusion of empty or lightly loaded cars at or near the head end of

medium to heavy trains, or of cars of 80 ft or longer at the head end, whether loaded

or empty, or of blocks of empty cars marshalled ahead of blocks of loaded cars

anywhere in the train.
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Thank you, Mr. Rush, Mr. Manion. Ladies and gentlemen: It's a real pleasure

to be with you here today. Actually, I've been asked to say hello to you from my
boss, John Ingram, who is out on another trip today. We're getting ready for budget

hearings, and I'm going to have to leave this afternoon. I'm sorry, Mr. Rush, but

budget is one of the pretty important things we have to contend with in Wash-

ington, so well be leaving shortly after the presentation.

There are some people in the audience today I would very much like to intro-

duce. One is a good friend who has been working with us and adds an awful lot

of color and a world of expertise to the Federal Railroad Administration—John

Rarriger. We're delighted to have him with us.

We also have two gentlemen from a sister agency in Washington, The National

Transportation Safety Roard, who are widely known throughout the transportation

world—Tom D. Styles and Xick Peterson.

At the close of this year as we started adding up the figures we found that

we had an increase in train accidents of roughly 25%. Fatalities had gone up from

119 in 1971, to 121 in 1972, and up to 153 for the calendar year of 1973. With

statistics such as these (the fatalities were people in train operation), it caused

us to be very much alarmed in the Office of Safety of the Federal Railroad Admin-

istration. Thus, in the letter that Mr. Manion told you about, we brought out four

major points to the Association of American Railroads and the presidents of the

major railroads in the United States.

Since 1970 a lot of changes have taken place. I am sure that some of you are

aware of them. We're bringing on board a number of people in the Federal Rail-

road Administration's Office of Safety to help us carry out the mandate of the

National Safety Act of 1970. We have gone through a reorganization. I'm sure that

you would be interested in how we have become reorganized to meet that mandate

in our office and how we will handle things at both the Washington level and

in the field. I have with me today compliance people from both levels. The chief

of our Compliance Division is J. U. Chrisman. Mr. Chrisman came from the operat-

ing ranks—as a dispatcher, actually,—off the Cotton Relt Railroad. Jean, would

you stand up, please? From the Southern Pacific Transportation Company we have

881
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another gentleman with a world of expertise in your area to head up our engineering

department—Bill Paxton. I'm sure that Bill is no stranger to you.

We're going to stick with you about 20 minutes and show you some slides

that I hope will give you a better insight of how we operate back in Washington.

The official seal of the Department of Transportation is a great symbol called

a triskelion. This ( Slide 1 ) is the Federal Railroad Administration. The administra-

tor is at the top along with our public affairs office. We have also, shown in the

first major line down, the Office of Administration and our Office of Chief Counsel
and our Office of Policy and Programs. I think we're mostly concerned today with

the Office of Safety. And here we have eight regions in the United States. We
have 59 people on board in Washington in the Office of Safety and we have
regional offices located strategically, geographically, at major rail centers throughout

the United States. Region I is in Boston, Mass., 2 in Philadelphia, Pa., 3 in Atlanta,

Ga., 4 in Chicago, 5 in Fort Worth, Tex., 6 in Portland, Ore., 7 in San Francisco,

Calif., and 8 in Kansas City, Mo. Our support units are in the Office of Administra-

tion, the Office of Economics and the Office of Research, Development and Demon-
strations and, of course, the Alaska Railroad—492 miles of railroad up in Alaska.

Our mission is to plan, develop and administer an effective and comprehensive
program to achieve safe operating and mechanical practices in the railroad industry,

including the enforcement of all federal laws and related regulations designed to

promote safety on railroads as they relate to the employees, travelers, and the gen-

eral public.

In the Office of Safety ( Slide 2 ) we have the associate administrator where
I do my Monday morning quarterbacking along with the deputy and a special

assistant. The stemwinding outfit there is a little group called Planning and Evalua-

tion. They can cross boundary lines. They can do anything, actually, that we direct

them to do. Mr. Chrisman is on the left in the Compliance Division, and under Mr.
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Chrisman comes Operations, Training and State Certification. All of these are opera-

tive at this time, and he will go into more detail regarding his responsibilities there.

Our State Certification branch has just become operative, as of about a month ago.

On the right side is where our Standards and Procedures are hammered out. This

is headed up by a gentleman some of you know—Rolf Mowatt-Larssen. All of the

boxes there are functional except Occupational Safety and Health at this time.

This ( Slide 3 ) is where our regions are located throughout the country as I

told you awhile ago. Frankly, some of them look a little out of proportion. They
really aren't according to the railroad population of inspection points in the United

States.

This (Slide 4) is our field force—how the field is set up. We have presently

about 180 people able to do inspection work in the field right now. We have the

field people report up through the Regional Safety Director to the Washington office.

Our four major areas are track inspectors, signal and train control, locomotive and

equipment, and records and operation. Our track inspectors are in a new group.

Mr. Paxton heads up their field activities through the regional director. Signal and

train control—there was no change in that. Motive power and equipment inspectors

are people who inspect locomotives and cars. Records and operations are those

areas that we dig into—safety compliance, personal injuries, etc.

The laws administered by the FRA Office of Safety are under the old statutes;

that is, the Transportation of Hazardous Materials, the Safety Appliance Act, the

Ashpan Act. Incidentally, we have about 115 steam locomotives certified and we
have about 35 that are actually operating today. Hence the Ashpan Act, the Loco-

motive Inspection Act, the Investigation of Safety Devices, the Accident Reports

Act, the Medals of Honors Act, the Hours of Service, and the Signal Inspection

Law. And, of course, the Federal Railroad Safety Act of 1970.

In our Hazardous Materials functions we inspect the loading and unloading

of cars, the placarding of cars, handling of cars, and, of course, some small package

work at the shipping points throughout the country. We have the Safety Appliance

Act which pertains to the operation of safety appliances and equipment, train brake

systems—standard appliances for each car and locomotive, automatic couplers, hand

holds, grab irons, and the standard height of draw bars. One of the unique things

about this up to this point is that this part of the federal law, the authority, will

be handled strictly by Federal Railroad Administration's Office of Safety personnel

in the field.

The Power Brake Act of 1958 is simply an act that we adopted from the Asso-

ciation of American Railroads and put into effect for the installation, inspection,

maintenance and repair of all power or train brakes.

Also, the Locomotive Inspection Act was promulgated to insure that all parts

and appurtenances on locomotives are in a safe and suitable condition for service.

We have the Accident Investigations Act—this Act gives us the authority,

handed down by the National Transportation Safety Board, to investigate accidents

and make reports. Last year the National Transportation Safety Board investigated

five of the major accidents and published five reports. We have investigated every

fatality that happened last year—that is all of the railroad employe fatalities. We
also work very closely with the National Transportation Safety Board in their

investigations.

The Hours of Service Act was amended so that a railroad man can only work

now for 12 hours except under certain conditions. If a carrier has 15 or fewer
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employees it may petition the Federal Railroad Administration for an exemption

to the Hours of Service Act

The Signal and Inspection Law is simply what it says. We have authority

over the signal systems in the United States.

The Federal Safety Act of 1970 I would guess is one of the most encompassing

safety laws that was ever passed. It directs the Secretary of Transportation to

prescribe rules and regulations and to conduct research pertaining to safety and

grants emergency powers when safety is jeopardized. We have used the emergency

powers on three occasions. We now have three emergency orders in effect. But the

Safety Act, again, has been referred to many times as one of the most powerful

acts that has ever been passed in the area of safety.

The Track Safety Standards which you gentlemen are more interested in give

us authority over roadbed, track geometry, track structures, track appliances and

track related devices, inspection classes of tracks, penalties, and exemptions. Mr.

Paxton will get into that in more detail later on.

Our Equipment Standards take over where the other standards that I men-

tioned leave off. If I may go back to the track for a minute, the states that certify

with us or come in by agreement may take any or all of the action in their par-

ticular state in the inspection of track. They can do the same thing in equipment

standards provided they have qualified people in those areas other than power

brakes, draw bars—the things we had under the Safety Appliance Act. We have

just, by the way, finished a tour of the United States where 31 representatives of

the states were present at meetings. We took a team around the U. S. to five major

locations and explained to them about states' participations, that with the money
we have aboard, a 50% funding is possible for the states that wish to participate.

There is a great deal of interest in it. Two states have now come in and asked to be

certified, or are working with us by agreement.

While we don't actually have Occupational Safety and Health, we are working

with OSHA in the Department of Labor. We have conducted 186 investigations

of complaints. We've investigated these, and about 20% of them were conducted

jointly with the Department of Labor.

Next, is the rule-making process that we go through. We get our rules, or get

an idea, on rules that are desired to be promulgated from the petitioner. It comes

then to us in the Federal Railroad Administration. We may adopt them and go to

the Federal Register directly without going to a public hearing, or we may go to

a public hearing. The public has a right to request, and usually does, that a hearing

be held. Then if the hearing is held, we can take either written comment or oral

comment. The thing that is important here to realize is that the public is protected

and has a chance to have its say in the court at all times.

The freight car standards were effective as of January 1, 1974. Incidentally,

we had some amendments to those and a hearing on them was held today in Wash-

ington. It was over in about 40 minutes. Not too many people showed up at the

hearing. But we're dunking also about improving the Class A explosive cars, and

tank car shields, vents, valves, and bottom outlets. On locomotives: speed recording

devices, slip-slide indicators, taking off the footboards and making the side ladders

uniform on present locomotives.

On operating rules: enforcement of operating rules 34, 93 and 99. Rule 34,

of course, is the rule that you call out the aspect of the signal ahead. Rule 93 is

the yard limit rule, and rule 99 is the flagging rule. There is an Advisory Com-
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mittee in process of being formed at the present time. Its personnel should be

announced in a short time. In railroad personnel: qualification of engineers, physical

qualification, and the use of alcohol and drugs. We have about 11 other areas that

we're presently interested in for railroad safety.

Last but not least, gentlemen: I know that at times you have men on your rail-

road who perform outstanding deeds or heroic feats. This is where the Medals of

Honor come in. It is a beautiful medal that is struck after a nominee is named,

and we make a field investigation. The medal is struck and awarded if the nominee

meets the standards. There have been about 170 nominees for die Medals of Honor.

I think only about 73 or 74 have been awarded. The conditions are very tight.

A committee consisting of myself and Secretary Brinegar's public relations man and

Dr. Bob Kay of the National Highway Traffic Safety Bureau are the people who sit

on the awards committee. But if you have people who risk their life or go far

beyond the call of duty to help their fellow man, certainly I would nominate him

for this beautiful medal. He's usually brought into Washington for the presentation

and tribute.

That concludes my part. I'm hoping that if you do have any questions that

we will be glad to entertain them and try to answer them for you. I would now

like to ask Mr. Chrisman to give you a rundown on the part he plays in the Office

of Safety heading up the Compliance Division.

Remarks by J. U. Chrisman

Thank you so much for extending us this invitation. The courtesy and hos-

pitality so far has been just great.

As everyone else has been introducing people I would now like to recognize

some of our fine field people in the audience, and I wonder if we might take just

a moment and ask diem to stand in place.

Al Levergood is our new regional track engineer at Boston. He's going to be

working in die Northeastern part of the country. Bob Kleist is from Philadelphia.

That's our Region 2, and he'll be serving the Mid-Atlantic area. We would have

had E. R. English here today out of our Chicago office, but unfortunately there

was a death in the family and he wasn't able to join us. The newest regional

engineer is Lee Barnott from out Pordand way. He'll be working the great North-

west. We hope shortly to have a regional engineer in San Francisco. We also have

Bud Wall, one of our capable safety inspectors in the Chicago area. Crawford Bell,

a refugee from the Missouri Pacific, he's down in Atlanta, handling the Southeastern

section. I believe Jack Crow is also here from our Fort Worth office.

Your comments on cooperation are why we're here, gentlemen. It's great.

When Mr. Bush introduced me this morning and associated me with the AAR,

I didn't know what Mr. Manion would think of that. I thought it was quite a

compliment. We work very closely with those fine people. Rex may want a couple

of minutes to talk about that when I finish. But I'm sure if organized labor had

heard that they would have agreed with you 100$ . They say we've been in AAR's

pocket for many years. Of course, AAR says we're in Labors pocket. But we're

really all three in bed togther with passage of the new Railroad Safety Act.

In the Compliance Division as Mac pointed out we have the Operation Branch.

It's headed up by Ken Batcheller. We are going to process there, this year, about

1200 complaints. That's about 100 a month. We have very few people to do all

those things. We've been getting good cooperation from you people when we come out

Bui. 648
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and bring these complaints to your attention. In the field of track, I looked at 100

complaints Saturday. Of the 100 that involved track, I thought it remarkable that

one railroad had contributed 40 of them. If any of you would like to know where

you stand on the list, we'll be glad to talk to you. I'll be here through tomorrow

and of course Bill and his associates will be here through Wednesday.

The Training Branch is headed up by Dan Inabinett. We have developed at the

Transportation Safety Institute in Oklahoma City a series of six courses and we're

working on the 7th, that pertain to various facets of railroad safety. One new one,

just developed on OSHA has so far been offered only to our field employees. We'll

make it available to anyone, of course, that wants it for a slight fee. We're not

developing any competition here with any training programs you folks have. Nothing

like that. We just want to acquaint you with our programs. If you want to take

advantage of them, fine. We have such courses as accident investigation, track

standards, freight car standards, and OSHA.

OSHA is quite an unusual piece of legislation. How many of you have had a

call from an OSHA representative so far? I suspect you'll be seeing more of them

as time goes by. The OSHA bill was passed about the same time as ours in 1970.

There's a slight difference. We had about six new inspectors and they had several

hundred. As Mac mentioned, we're working with them only in the processing of

employee complaints. I sometimes get the feeling that maybe I'm a book salesman

or publications salesman of some sort, but I'd like to acquaint you with some items

that OSHA's putting out that may be of value to you.

Number one—there's a fine film called, "This is OSHA." It runs about 30

minutes. We just previewed it down home, and I think we're going to buy at least

one copy and put it in our regional offices. It's available for loan, and it might be

of interest to you. Here's one of their booklets, "All About OSHA." I'll leave some

of these in back. I certainly didn't bring enough, but it'd be a good idea to look

them over. This is one they've digested from their seminars around the country. It

has about 30 pages, and includes most of the questions they've been asked. This is

a selections publication, and is a list of all their printed material that's available

This is one that we find most interesting
—

"Job Safety and Health." It runs about

$8.50 per year, and comes out monthly; gives a digest of the various decisions and

court cases they've been involved in.

As Mac said, we've been trying for two years to resolve exactly what part of

OSHA we're going to process. Hopefully, within the next few months we'll have

something firm in this area. There have been several proposals. I think it's rather

foolish to discuss them with you at this time. It's been said that maybe we'll have

OSHA for only over-the-road train operations. It's also been said that maybe we'll

have it for the shops. Certainly we never expected to have it for general office

buildings. This was not our intention at all. To us an office building is an office

building, wherever it happens to be.

I'm not going to bore you with a lot of statistics, but I thought you might

be interested to have a quick rundown on how the OSHA complaints have been

coming in.

Housekeeping and Sanitation 62

Noise Level 19

Track ( a different phase of track ) 5

Miscellaneous 14

Fumes and Ventilation 25

Motor Car Set Offs & Unsafe Conditions 48
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We ran several tests for fumes and ventilation in various tunnels around the coun-

try. Actually, the tests, I think, have been in your favor. I think they've proved

that you have a pretty good operation.

I would like to express my appreciation and Mac's for the fine cooperation

you've given us in OSHA matters. We're trying to adopt OSHA's standards under
the umbrella of the Federal Railroad Safety Act. But until such time as we do
we're going to have to get along with it the best way we can. When we bring some-
thing to your attention, so far your response has been excellent. We sincerely

appreciate this.

We have been running a series of one-day labor seminars around the country.

You've probably heard some pros and cons. It seems like whatever you do you're

criticized one way or the other. So far we have been restricting these to labor mem-
bership and our own people. Now we're not going out there trying to tell them
a different story from what we're telling you people. But, word has come back to

us that this is what we're trying to do. Well, I'd like to lay those fears to rest.

We're going to run about ten seminars around the country. We've had two of

them so far, and we have one next week in New Orleans. Next year if there's any
interest we'll be glad to run a half dozen or so for your people. What this involves

is that we bring generally the local or general chairmen in and we run through

a brief presentation such as Mr. Rogers gave you. Then we break into workshops.

We then take each of our Acts and entertain questions from the floor. And boy,

do we get a lot of questions. If you're interested, we'd be glad to run a series for

you folks. Our field people in our regional offices are also available to participate

in any kind of railroad safety program.

I have about five or six other slides [not reproduced herein]. Bill Paxton is

going to talk to you. He was with our team on state participation. He's going to

talk to you more about that.

This is an overall view of our Transportation Center at Oklahoma City—inci-

dentally, John Risendal and his fine people in the AAR Steering Committee are

going to be out there April 2nd and 3rd to see this operation. They're going to

have their steering committee meeting there in the morning and take a tour in the

afternoon. That's a view of the multi-purpose building where most of our classes

are held. There's certainly an open invitation for any of you to come out at any

time. Drop by and monitor the classes. Sit in for a couple of days and let us show
you what we're doing out there. Again, we're not trying to sell you anything. We
want you to know it's available, and if you want to participate, fine.

This is basically a pie chart that you've seen in railway magazines that depict

a breakdown on train accidents. I just put in a couple here to show you. Rex and

Mac have already touched upon them briefly, but you'll see how it seems to break

down. That's 1969, and the next one almost looks like a duplicate of it for 1970.

Keep in mind that these are made from data you folks send us.

Now in the very near future, we're going to have a new set of accident report-

ing rules. Sometime, maybe you'll ask us to come back and talk about them. We're

trying to get them in the Federal Register now, but basically one important reason

is to bring them into conformity with OSHA reporting requirements. We have

worked with OSHA and OMB and they have now agreed with the format we're

coming out with, so you will not be reporting to two outfits.

I brought a couple of handouts similar to the slides that Mac had, and Bill

Paxton thought that if Earl would want to so do, it could be published in your
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Proceedings (see chart, page 883). Its a breakdown of our setup, with telephone

numbers in Washington and a telephone number for each of our regional offices.

I hope you'll establish a good relationship with them, and as I mentioned earlier

we sincerely appreciate the fine cooperation you've been giving us so far.

I only have a few of these. Again, this is one of our catalogs out at the Trans-

portation Safety Institute. I'll leave a couple of them at the back of the room. If

anyone else is interested, we'll be glad to make them available.

Railroad Locomotives and Cars was kind enough to recently print an article

on TSI. These are also available. And, again, if we can be of any help to you at

the Washington level, please give us a ring, and I thank you for your kind attention.

Remarks by W. R. Paxton

I don't have a prepared statement today, and I certainly am not as talented

as my supervisors here to get up before a group and ad lib, but I do have a few
points that I think will be of interest to you.

I was privileged two years ago at this convention to be a member of a panel

which discussed the track safety standards, and at that time we discussed the

enforcement of those regulations by the FRA's Office of Safety. Jean mentioned
the problems we have with budgets and the few inspectors that we have been
successful in hiring since the passage of the Safety Act. At the present time we
have 12 track inspectors and 7 regional engineers, but we are very fortunate in

this fiscal year to have had funds made available for us to establish an additional

28 inspectors and the last regional engineering position in San Francisco. We are

at the present time in the process of recruiting applicants for those positions.

There are two tilings that are of very grave concern to us in the Office of

Safety, the first of which has been mentioned many times here this afternoon. Mr.

Manion pointed out in his address the rather startling increase in train accidents

and the rise in track-caused train accidents.

The second is the apparent lack of communication to the level of maintenance

officers actually responsible for carrying out their maintenance programs, and cer-

tainly in achieving compliance with federal regulations. I think probably the rea-

sons for that non-compliance are in two major categories and certainly these were

mentioned in President Sartore's comments this morning. They are communication

and salesmanship. There is no question about the technical ability of you people

to carry out effective maintenance programs, but I am concerned that communica-
tion lacks between yourselves, your subordinates, your peers, and your superiors

on what are the requirements of the Federal Railroad Administration. Certainly

salesmanship has to account for the availability of those funds to carry out adequate

maintenance programs to prevent train accidents. I strongly urge you to reflect on
your past performance and on your future performances in achieving compliance.

I would also strongly urge you to make everyone aware of the implications of non-

compliance and certainly these should be used as arguments to justify additional

funds for maintenance programs.

An additional point on communication—I want to take this opportunity to

extend to each and everyone of you an open invitation to call upon us at any time

to come out and talk to you individually, or a group of people, on what the require-

ments are, what assistance we can give you in perhaps improving your present

compliance program. I would also like to remind you that the FRA is very much
aware of the accident picture on a month-to-month basis and we are very concerned
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about a certain few carriers which contribute to the majority of train accidents.

We will be exercising a great deal of our effort on those particular properties.

As a final remark I would like to say something about state participation. It

was mentioned briefly here today. Those regulations were finally made public in the

Fall of this year and are now contained in Title 49 as Part 212. They have enclosed

in that set of regulations the requirements for certification and agreement including

the funding agreements for that program, and in Part C the qualifications and

number of track inspectors necessaiy to carry out this enforcement program. As was

mentioned, we did have an opportunity to tour around the country. We had five

regional meetings. Representatives from the state PUC or state department of trans-

portation attended those meetings, and the program was fully explained. We are

very much concerned about the use of qualified people to carry out this program,

and if you have an opportunity to review that particular part of Title 49 you will

see that die requirements for track inspectors are six years supervisory experience

in track construction and maintenance. Those requirements, incidentally, are the

same as for federal inspectors.

That concludes my remarks, and I look forward to answering any questions

that any of you may have.

Kill. 648
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new rail

Longer service life

without shimming
or reforming

No throat cutting

of spikes

ALSO AVAILABLE-
UNIT II. Same high
quality at a lower
cost . . . Made from
a slightly lighter

section of steel, for

requirements where

MEMBER

RRI

the very high
holding power and
reserve strength of

the Standard Unit
are not considered
essential.

Suitable for

machine or hand
application

More Holding
Power

Higher reappli-

cation value

Less likelihood

of damage to rail

or anchors from
derailed wheels

Hubbard Super
Steel and Super
Service Alloy
TRACK SPRING
WASHERS...
manufactured to
meet all current
A.R.E.A.
specifications.

74UR1-A

UNIT RAIL ANCHOR COMPANY
P.O. Box 4004
Pittsburgh, Pa. 15201

(412) 781-4800

Midwest Office: 332 S. Michigan Ave.

Chicago, III. 60604

(312)427-7442
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10625 Franklin Ave.
Franklin Park, III. 60131

455-4400

RAILROAD CONSTRUCTION
COMPLETE MAINTENANCE

HABCOj Satisfaction through service

Specialists and manufacturers in the field of vegetation control.

SOIL STERILANTS

GRANULES—HABCO HYCHLOR . . . HABCO
5H . . . HABCO 10K . . .

HABCO 10T . . . HABCO
BROMEX

LIQUIDS —CHLORATE-BORATE . . . HYVAR
X . . . KARMEX . . . TELVAR
. . . ATRATOL . . . PRAMITOL

CONTACT CHEMICALS

DACONATE . . . DACAMINE
OF ALL KINDS

BRUSH CONTROL

2,4-D't

AMMATE . . . HABCO 1 OB ... ALL COM-
BINATIONS OF 2,4-D and 2,4,5-T

YOUR APPLICATION OR OURS

HABCO INCORPORATED
Our regional representatives are as close as your telephone.

D. Douglas Boatright

Room 604, Transportation Bldg.

Birmingham, Ala. 35203
205/252-6715

Donald E. Home
7301 West Lake St.

Minneapolis, Minn. 55426
612/929-4689

Robert E. Lund
1040 Coulter

Winnipeg 3, Manitoba
204/786-3421

John A. Forderhase
J. R. McCambridge
2251 Armour Road

North Kansas City, Mo. 64116
816/421-1488
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When you
need one for
the road,
make it

The True Temper Channeloc* with massive and
unique channel shape provides tremendous grip-

ping power. Its great tensile strength adds years

to service life . . . and saves replacement costs.

Channeloc bar stock is uniformly thick, result-

ing in even heat-treating to avoid softness or

brittleness. The Channeloc design assures ample
rail contact surface for maximum holding power.

Channeloc is applied easily and quickly with mini-

mum ballast disturbance . . . and can be reapplied

to save your road maintenance budget.

True Temper has produced over two hundred
million Channeloc Rail Anchors. When you need
one, make sure it's Channeloc . . . proven since

1960.

Uniform bar stock,

can be given a
heat-treatment that

is thorough and
even throughout

the entire metal

structure.

iHSl IRUE /EMPER,
ISSMJ PA IL WA Y A PPL IANCE DlVISION
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no matter how
you look at it

there is just

one toilet

that stands alone,

one toilet that

has gained
general acceptance
world wide,
one toilet familiar

to all who have ever
flown in an airplane,

traveled in a bus,

sailed in a boat,

or lived in a
recreational vehicle,

the one chemical
retention toilet

now available,

designed especially

to recognize^ the rugged requirements,
for all your

| sanitation needs:

locomotive
caboose
work equipment . .

.

the Vapor NEWMATIC* toilet,

the toilet used
by more than 40 railroads**

become more familiar,

write

Transportation Systems Div.

Vapor Corporation
6420 West Howard Street

Chicago, Illinois 60648
In Canada-
Vapor Canada Limited

VAPOR
CORPORATION *TM Monogram Industries, Inc.

transportation systems oivision * * n ames fu rn ish ed on requ est

Turn Your Track Salvage

Into Extra Dollars

Allow Us To Quote Top

Prices For Your Surplus

Rail and Accessory Items.

CONTACT

VALIANT STEEL AND EQUIPMENT, INC.

P. O. BOX 17598

ATLANTA, GEORGIA 30316

Phone: (404) 243-3731 For Prompt Response
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WELD 60-80
STRAIGHT OR COMPROMISE

• JOINTS

DAILY!

THERMIT ©SELF-PREHEAT
RAIL WELDING

THE MODERN IN-TRACK METHOD
• AUTOMATIC, ERROR-FREE PRE-HEATING AND
TAPPING OF WELD METALS

• EASY, COLD REMOVAL OF RISERS
• MINIMUM GRINDING
• NO EQUIPMENT TO PURCHASE OR LEASE

COMPLETE THERMIT RAIL WELDING DE-

TAILS PLUS JOB-SITE DEMONSTRATIONS.
WRITE OR CALL

THERMEX METALLURGICAL, INC.
LAKEHURST, N. J. 08733 • (201) 657-5781

SALES OFFICES IN MAJOR CITIES
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EXPERIENCED SPECIALISTS
IN THE REPAIRS OF.,..
RAILROAD STRUCTURES

WS PB I CORPORATION

urziUo
FOUNDATIONS, UNDERPINNING AND INVESTIGATIONS

AUGERCASTs " Piles - placed without vibration

• For new foundations and underpinning

• Retaining wall piles. Low headroom piles

• Tie-back anchoring system for excavations

• Tension piles and anchors

PRESSURE GROUTING
• BAGPIPE®* Groutainer „., inflatable forming system

• Soil stabilization for arresting settlement of structures

• FIRM-UR® chemical grouting for consolidating soils

• Consolidating masonry bridge abutments and piers

TM

CONCRETE AND MASONRY STRUCTURAL REPAIRS

• Bridges, dams, power plants and dry docks
• Scour repairs

• Tunnel lining repairs

• Repairs to precast, concrete, wood and steel piles

PREPLACED AGGREGATE CONCRETE (PAC)

• Cofferdam seals

• Underwater repairs, piers and abutments
• High density concrete for shielding

• Concrete and masonry structural repairs

• Underwater concrete

ONE-SOURCE MARINE SERVICES

• Inspections above and below water

• Engineering reports of inspections

• Staff of experienced divers to perform
corrective repairs

• Submit budget or firm quotes

• Complete the work based on findings or at the

direction of Owner's engineering department

or consultant

•Cowed by U. S. *nd C*n»diin Pittntt

P. O. BOX 155 BRECKSVILLE, OHIO 44141 TELEPHONE 216/659 3141

M\JTA • BALTIMORE • CHICAGO • DETROIT • FT. LAUDERDALE • HOUSTON • JACKSONVI
MINNEAPOLIS • OMAHA • SEATTLE • TORONTO • TULSA

AFFILIATES: LEE TURZILLO CONTRACTING CO. • AUGERCAST PILE & FOUNDATION COMPANY
TURZILLOCONTRACTING LTD.

KERITE
CAB1E

For dependability in actual use, no other cable

matches Kerite. We believe you will be im-

pressed by the evidence.

THE KERITE COMPANY
PRINCIPAL OFFICES: Boston; Chicago; New
York; Philadelphia; San Francisco; and
Seymour, Connecticut • Sales Representa-
tion throughout the United States. A sub-

sidiary of Harvey Hubbell Incorporated.

RITE insulation that makes the difference
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VELSICOII
"THE NEW FORCE IN

VEGETATION CONTROL CHEMICALS"

BANVEL®

The 3 E's herbicide

Efficacy—Banvel is a systemic.

Economy—Long-lasting and low cost.

Ecology—Relatively short persistence—established tolerances for

many food crops and milk.

VEGATROL™

A full line of 2,4-D's and 2,4, 5-T together with the Banvel line of

herbicides, answers your unwanted Vegetation Problems.

ACCUTROL™ air emulsion

SPRAY SYSTEM

• Low-volume Spraying

• Drift Reduction

VELSICOL CHEMICAL CORPORATION
341 East Ohio Street

Chicago, Illinois 60611
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SWITCH TAMPERS FOR ALL YOUR JOBS

UNIVERSAL UYT-2W75 YARD, SWITCH & SPOT TAMPER

This versatile tamper is a new addition to the

popular Plasser Universal line. Even though the

UYT 2W75 has a lower original cost, it is equipped
with two of the exclusive Plasser four-tool tamping

heads with individually tillable tamping arms,

which insures the tamping of every tie through

switches and turnouts without the use of outside

or ground jacks.

This Universal UYT 2W75 tamper is particularly

adaptable for yard work where it has proven itself

as a money saver. The reasonable price plus its

ability to do a fine job tamping switches and doing
spot work suggest yard assignment. It can be
equipped with automatic lifting and leveling equip-

ment as well as automatic lifting correction with

cross level indicator. You should see one of these

tampers in service and we will be pleased to make
the necessary arrangements for you to do so at

your convenience. You will be convinced that it is

a superior machine.

PLASSER AMERICAN CORPORATION

GENERAL OFFICES & PLANT
2001 MYERS ROAD

CHESAPEAKE, VIRGINIA 23324
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Safehan
MODEL C

TRACK WRENCH
mounted on a

UNIVERSAL TRAVERSE CARRIER

The
Industry's

Best Buy...
• Lightweight

• Powerful

• Full 360°
Rotation

• Set-off

Pedestal

• One Man
Operation

For operating data and specifications
see SAFETRAN M/W CATALOG-Section 16-C

Safetran Systems Corporation
7721 National Turnpike • Louisville, Kv. 40214 • (502) 361-1691
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Upgrading Timber Bridges?

can help your timber bridges fyfc>,
carry heavier loads "ty
and last longer with minimum repair
This professional Osmose team is cruising one of 202 timber bridges on a

subdivision of a major U.S. Railroad. On completion, specific recommenda-

tions were given the chief engineer to treat, defer or replace, backed up by

detailed boring records. This is one more way Osmose assures you that

maintenance dollars are spent where needed most.*

without cost or obligation to your company.

4915 MONONA DRIVE • MADISON, WIS. 53716
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When it

comes to

RAILWAY
MAINTENANCE
EQUIPMENT

We believe . . -

it is the responsibility of the manufacturer to design, build and operate if

required, the equipment that will do the job easier, quicker and at less cost.

Whether purchased, rented or leased, the equipment must justify the

cost by performance ... be safe in operation and travel . . . and make
maximum use of track time schedules. Such a unit is the

MANNIX wood or concrete TIE INSERTER
Diesel powered with full view push button operation that enables

one man to complete a full cycle (move and locate machine, pick

tie off rails and insert) in as little as 12 seconds from either side.

Boom is swung forward between rails in travel. Air

operated brake shoes on all wheels. Hydraulic

powered turn table set-off is standard equipment.

MEMBER

RRI
MANNIX RAILWAY MAINTENANCE EQUIPMENT FOR:
• Shoulder Ballast Cleaning • Raising Track • Resurfacing •

Reballasting • Replacing Ties • Undercutting • Ballast Cleaning
• Rail Grinding Single or Multiple track — Mainline or Yard tracks

CONTRACT, SALE or LEASE

FOR FULL DETAILS, OR SHOWING OF OPERATING FILMS, WRITE OR CALL TODAY

MAINTENANCE of WAY DIVISION

MANNIX CONSTRUCTION, INC.

1 125A Nathan Lane No. Minneapolis, MN 55441, U.S.A.

' Phone (612) 545-0411:

Telex 29-0391; Cable, MANNIX
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The Allegheny Insulated Rail Joint-

Designed to withstand the heaviest traffic

in welded rail

This modern joint cements rail ends in position and thereafter

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs. It reduces rail and wheel batter

to a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233
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3ainmoffi
RAILWAY MOTOR CARS

AND WORK EQUIPMENT

-\
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TO HELPYOU
BUILDAND

MAINTAIN OUR
NATION'S

VITAL RAILWAYS
• Crushed slag • Crushed stone
• Sand and gravel • Industrial sand
• Ready mixed concrete • Bituminous concrete
• tnSiag v.OlmiX (a bituminous paving mixture laid cold)

PRODUCTS PRODUCED TO MEETYOUR
ENGINEERING SPECIFICATIONS.
Fast, on-schedule deliveries and streamlined pro-

duction from more than 130 strategically located

plant facilities.

Call Joe Lynch

Vulcan Materials Company
ONE OFFICE PARK, BIRMINGHAM, ALABAMA 35223,TELEPHONE 205/879-0421
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TIE HANDLER from RTW...

with 24-foot-reach
articulatingboom!

Lifting capacity-1500 lbs. at 12'6" to

750 lbs. fully extended.
• New rotating deck design
...no adjustments needed

• Thermostatic controlled

oil temperature in

hydraulic circuit

• Low maintenance

• Hydrodynamic plus

mechanical brakes,

on all four wheels

Many other features for high production, low maintenance. Choice of two

other tubular-type booms (all interchangeable): Fixed 24-ft.. and manually

adjustable 18-24-ft. From RTW, the people with the longest experience in

tie handling. Get full details today. Call (215) 739-4281.

RTW
OTHER RTW MAINTENANCE EQUIPMENT • Switch Grinders • Cross Grinders Surface Grinders Riil Drills • Tie Handlers MEMBER
RAILWAY TRACK-WORK CO. 2560 East Tioga St., Philadelphia, Pa. 19134 RPi
Agents: Chicago - ESCO Equipment Service Co. • Houston - Service Equipment & Supply Company „.„»., f

Los Angeles-Simkins Company • Louisville -T F. Going • SI Louis- R. E Bell Co.

S Plainfield. N J. - Eastern Railroad Equipment Corp • Canada. Montreal - Woodings-Canada Ltd.
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MEMBER

RRI

XIELEWELD

Rail Maintenance Service

Rail End Welding
Rail End Hardening

CWR Joint Normalizing "fj-

Frog and Switch Welding

Rail Maintenance Equipment

Custom Manufacturing and Fabrication

Joint Bar Shims
Rail Anchor Shims
Rail End and Frog and Switch

Welding and Grinding Machines
CWR Heating and Cooling Equipment
Rail Flaw Testing Equipment
Telebrineller Portable Hardness Tester

Infra-Red Heater for Curing Adhesive Bonded Rail Joints

TELEWELD INC., 416 NORTH PARK ST., STREATOR, ILL. 61364

Write for details of the TELEWELD process for restoring rail ends.
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Report of the Executive Director

March 20, 1974
To The Members:

The 75th Anniversary Year of the American Railway Engineering Association

was a good year from the standpoints of finances and technical operations, but

somewhat disappointing from the standpoint of membership. Although AREA mem-
bership remains at a relatively high level, the Association did experience a drop

from 3352 members at the beginning of 1973 to 3310 members at the end of the

year, a reduction of 42.

The operational year for the AREA began on March 21, 1973, at the end of

diat year's Technical Conference, and ended on March 20, 1974, at the end of die

1974 Technical Conference.

Major Meetings During 1973 Association Year

The Ninth Regional Meeting of tile Association was held at Philadelphia, Pa.,

on October 25, 1973. It was attended by 334 AREA members and guests—an

attendance exceeded only twice before at a Regional Meeting. The meeting was

planned and directed by AREA Director R. J. Gordon, chief engineering officer,

Penn Central Transportation Company. One of the features of the meeting was an

address by J. R. Addington, then Penn Central's vice president operations.

The 73rd Technical Conference of the AREA, designated as the 75th Anni-

versary Conference, and the 1974 Annual Meeting of the Engineering Division, Asso-

ciation of American Railroads, was held on March 18-21, 1974, at the Palmer

House, Chicago. Total registration was 1005, comprised of 532 railroad members

and guests and 473 non-railroad members and guests.

The program of the Conference consisted entirely of features—some general,

others sponsored by technical committees. No committee reports were given since

all of them were published in the various issues of the Bulletin prior to the Con-

ference. The Engineering Division session again was held on Monday afternoon

and consisted of reports on the activities of the division during 1973; a report on

work under way and contemplated at the Chicago Technical Center, Research &
Test Department, AAR; reports on the organization and operation of the Office of

Safety, Federal Railroad Administration, by three officers of that Office; and two

informative illustrated addresses.

The 1974 meeting was presided over by AREA President and ED Chairman

D. V. Sartore, chief engineer-design, Burlington Northern, Inc. The Address at the

Annual Luncheon was given by Robert W. Downing, vice chairman and chief

operating officer, Rurlington Northern, Inc., an AREA member.

MEMBERSHIP

Membership statistics, established in 1968 on a calendar year basis for admin-

istration and comparison, show a loss of 42 during 1973 as compared to a gain of

88 during 1972.

895
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COMMITTEES OF 1973 BOARD OF DIRECTION

Executive

D. V. Sartore, Chairman

R. F. Bush

J. T. Ward
A. L. Sams
R. M. Brown

Membership

John Fox, Chairman

R. A. Kelso

B. G. Anderson

J. T. Collinson

B. E. Pearson

Finance

R. F. Bush, Chairman

J. T. Ward
A. L. Sams
B. G. Anderson

J. T. Collinson

Research

A. L. Sams, Chairman

R. M. Brown
W. S. Autre

y

A. B. Hhlman
B. J. Gordon

Technical Activity (Special)

(Assignments and Personnel)

J. T. Ward, Chairman

L. A. Durham, Jr.

John Fox
R. W. Pember
W. E. Fuhr

Publications (Special)

(Manual and Publications)

W. S. Autrey, Chairman

L. A. Durham, Jr.

R. A. Kelso

A. B. Hxllman
C. E. Weller

Regional Meetings (Special)

B. J. Gordon, Chairman

R. M. Brown
John Fox
C. E. Weller

J. T. Collinson

Advertising (Special)

B. G. Anderson, Chairman

R. F. Bush
R. W. Pember
W. E. Fuhr
B. E. Pearson

This points out the need for continuing specific efforts on the part of all AREA
members to interest their friends and associates both inside the railroad industry

and allied to it, in AREA membership. A wide range of people are qualified for

AREA membership, and would benefit by it as would the Association. These qual-

ifications are given in Article II, Sections A, B, E and F, of the AREA Constitution

(see pages 913-915) in this Bulletin). Approximately 250 new members are needed

each year simply to overcome normal attrition. Your help is earnestly solicited in

this vital area of Association efforts. Maintaining a high level of membership will

help us to retain the annual dues at their present low level. One encouraging aspect

of the membership picture is the further gain in Junior Members experienced in

1973, continuing the trend begun in 1969. This possibly denotes an increased inter-

est in a railroad career on the part of college graduates since 1969.
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Membership

Membership Years

1972 1973

Membership as of January 1 3264 3352
New Members during year 226 108
Reinstatements during year 19 15
Gain or Loss in Junior Members +29 +13

274 136
Deceased during year 37 41
Resigned during year 82 61
Dropped during year 72 76

186 178
New Gain or Loss +88 — 42

Membership December 31 3352 3310

Membership Classification by Years

For each of the membership years shown, the year begins on February 1 and

ends on January 31 of the following year, except 1968, 1969, 1970, 1971, 1972

and 1973. For 1968, the year begins on February 1 and ends December 31. For

1969, 1970, 1971, 1972 and 1973, the year begins January 1 and ends December 31.
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bridge engineer, Union Pacific Railroad, member of the Conference Operating

Committee since 1970, member of Committee 15—Steel Structures, 1948 until

the time of his death, member of Committee 30—Impact and Bridge Stresses,

1956-1966, member of Committee 32—Systems Engineering, 1967 until the time

of his death; W. F. Hart (M '49, L '74), retired division engineer, Union Pacific

Railroad, member of Committee 28—Clearances, 1950 until the time of his death,

having been elected Member Emeritus in 1961; J. F. Holmberg (M '54), retired

regional engineer, Norfolk & Western Railway, member of Committee 7—Timber

Structures, 1956-1973; J. E. Perry (M '28, L '54), professor of civil engineering

emeritus, Cornell University, member of Committee 24—Engineering Education,

1949-1966; G. L. Staley (M '22, L '58), retired bridge engineer, Missouri-Kansas-

Texas Lines, member of Committee 15—Steel Structures, 1936-1960, member

of Committee 25—Waterways and Harbors, 1952-1958.

ACTIVITIES OF TECHNICAL COMMITTEES

Assignments

During 1973 the 20 standing committees of the Association, including the new

Committee on Electrical Energy Utilization which was established by the Board

of Direction at its meeting on March 17, 1973, worked on 150 assignments, 21 of

which were new (including those of the EEU Committee). The Board action in

establishing the new Committee on Electrical Energy Utilization was in response

to a request by many members of the former AREA Committee 18—Electricity,

and others, to reestablish within AREA an electrical committee to work in the

important area of railway electrification and on other electrical subjects within the

fixed property area. In addition to the work of the standing committees, the Special

Committee on Concrete Ties revised the preliminary Specification for Concrete

Cross Ties (and Fastenings) it had developed and published in Bulletin 634, Sep-

tember-October 1971. The specification as revised was published (also in preliminary

form) in Bulletin 644, September-October 1973.

Many of the subcommittees held their own meetings before, during or after

the scheduled meetings of the full parent committees. At the full committee meet-

ings, the subcommittee chairmen reported on their assignments and discussed any

problems with the work with other members of the full committee. This proce-

dure enables the wide knowledge and experience of all the members of AREA
committees, from a large number of railroads, to be applied to the studies of the

subcommittees.

AREA committee work is directed toward the preparation of reports for infor-

mation, toward revising material appearing in the AREA Manual for Railway

Engineering and the Portfolio of Trackwork Plans, and toward carrying out special

projects related to their assignments.

The 1973 statistics show that our 20 standing committees produced one or

more information reports on 39 of their 150 assignments (not including Assign-

ment A). In addition, the committees submitted 14 reports containing Manual rec-

ommendations, all of which were published in Part 1 of the November-December

Bulletin, separate from the committee reports. Furthermore, most committees pre-

sented brief status statements with respect to assignments on which they made no

formal report.
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Among the important Manual projects completed by the committees during

1973 and submitted for adoption in the November-December Bulletin were the

consolidation of Manual Chapters 3—Ties, and 17—Wood Preservation, into a

single Chapter 3—Ties and Wood Preservation; the complete revision of Part 6

—

Movable Bridges, of Chapter 15; and the complete rewriting of Chapter 22

—

Economics of Railway Construction and Maintenance.

At its meeting in November 1972, the Board of Direction decided to merge
Committee 31—Continuous Welded Rail, into Committee 4—Rail, effective with

the conclusion of the 1974 Technical Conference on March 20, and its work there-

after will be carried on by Committee 4.

The formation of another new committee was authorized by the Board of

Direction at its meeting on November 13, 1973—the Special Committee on Scales—
to take over the work previously carried on by the Scales Subcommittee of Com-
mittee 14—Yards and Terminals. Organization of the new committee has been

completed.

During 1974 the technical committees as a whole will work on 152 assign-

ments, 19 of them new.

Classification of Material

The work of AREA committees during 1973 was so diversified that, as in

other years, it is impossible to do other than refer to it in general terms in a report

such as this. However, the following is a general categorical classification of the

results of this work as published in the technical Bulletins of the Association.

Recommendations pertaining to the development, revision or deletion of 37

different specifications and recommended practices for inclusion in the AREA
Manual; 23 reports on current developments in engineering practice and design;

5 reports on current developments in systems engineering, data processing and the

use of computers to solve problems in railway construction, operation and mainte-

nance; 1 report dealing with pollution control; 3 reports dealing with the training

and recruiting of employees; 5 economic and analytical studies; 1 report on rela-

tions with public authorities; 1 report dealing with statistics; and 2 bibliographies.

Committee work affecting the AREA Manual included the presentation of 3

specifications for adoption and 1 tentative specification as information; the rewriting

or revision of 13 specifications; the deletion of 3 specifications; the presentation of

9 recommended practices for adoption and 1 tentative recommended practice as

information; and the revision or rewriting of 6 recommended practices.

Discussion Section

During the 1973 Association year, subcommittee reports, papers and addresses

published in the technical issues of the Bulletin were again advertised as open for

discussion.

Personnel of Committees

At the beginning of the 1973 Association year 1023 members were assigned

to 1143 places on the Association's 20 technical committees. This compares with

1153 members assigned to 1278 places at the beginning of the previous year. In

addition, 11 members were assigned to the Special Committee on Concrete Ties.

AREA committees again were limited to a maximum membership of 70 and to

the number from each railroad depending on the total number of AREA members

on the railroad.

Bui. 64S
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In the 1973 Handbook of Committee Activity the names of committee chair-

men, vice chairmen, secretaries and subcommittee chairmen were again shown in

boldface type at the head of each committee roster.

The number of members assigned to committees for 1974 as of March 1 is

higher than a year ago; specifically 1073 members assigned to 1167 places.

Committee Meetings

To progress work on their assignments the 22 standing AREA technical com-

mittees (including the new Committee on Electrical Energy Utilization and the

Special Committee on Scales) held a total of 46 meetings during the 1973 Asso-

ciation year compared with 56 meetings the previous year. In addition, the Special

Committee on Concrete Ties held 2 meetings in 1973. As is usually the case, the

majority of these meetings were held in Chicago or at points central to the largest

number of committee members. The exceptions were scheduled to permit inspec-

tions of facilities, operations or projects which could be seen only by going to

those points.

Of the 46 meetings held during the 1973 Association year, 18 were held in

Chicago (including the 6 held in March during the 1973 AREA Convention and

the 5 held in September during the 1973 Roadmasters' & Bridge & Building Asso-

ciations Convention); 3 were held in Philadelphia, Pa., 2 each were held in Kansas

City, Mo., Montreal, Que., Little Rock, Ark., Washington, D. C, and Montgomery,

Ala., and 15 were held in as many other cities.

The number of meetings held during the year by each committee was dictated

by the scope of their work and other considerations. Accordingly, 1 committee held

4 meetings, 4 committees each held 3 meetings, 14 committees each held 2 meet-

ings, and 2 committees each held 1 meeting.

ASSOCIATION PUBLICATIONS

In 1973 the AREA Bulletin was again published on the scheduled five-time

basis. The Bulletins in Proceedings Volume 75, 1974, will be Nos. 644, September-

October 1973; 645, November-December 1973; 646, January-February 1974; and

648, June-July 1974. Bulletin 647, the blue-covered April-May Directory Issue,

is not a part of the Annual Proceedings of the Association.

The AREA News is scheduled to be published on a quarterly basis: Winter,

Spring, Summer and Fall. However, because of the work load imposed on AREA
Headquarters due to staff shortages during the summer and fall of 1973, two issues

of the News were omitted: the Summer and Fall issues. In 1974, however, normal

operations should prevail, and it is expected that the usual four issues of the News

will be published.

The 1973 Handbook of Committee Activity was published in April and dis-

tributed to all committee members at that time.

The 1973 Supplement to the AREA Manual for Railway Engineering contains

276 pages (138 sheets). Publication of the 1973 Supplement was held up much
beyond the normal publication date to permit inclusion therein of the completely

revised and reorganized data on track scales in Manual Chapter 14—Yards and

Terminals. The price of the 1973 Supplement was established at $6.00 for members,

$9.50 for others. To permit committee members who have purchased copies of their

committee's Manual chapter to keep them up to date, copies of the 1973 Supple-
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merit sheets pertaining to their chapters will be mailed to committee members
without charge, in continuation of a long-established practice.

The 1973 Supplement to the AREA Portfolio of Trackwork Plans includes
updated title and Foreword pages for the Portfolio; revised contents pages; two
revised plans for the "Standard Plans" section; one revised plan for the Reference
section (that part of the Portfolio following the blue divider sheet); and five new
plans covering railbound manganese steel frogs for insertion in the Reference sec-

tion of the Portfolio. The price of this Supplement has been established at $3.00
for members, $5.50 for others.

The Rulletin Binders designated as Volume 74, 1973, have been completed
and notices regarding their price and availability have been sent to members who
have standing orders for them on file at Association Headquarters. This hard-cover
book-type binder is designed to house all the Bulletins in the publication year,

which starts with the September-October issue and ends with the June-July issue,

with the exception of the blue-covered April-May Directory issue which is not
punched for binding.

The June-July 1973 Bulletin contained all material presented at the March
1973 Convention having technical and historic interest—the president's address,

reports of the executive manager and treasurer, special features, panel discussions,

and committee reports not previously published in the committee report Bulletins.

LOOKING AHEAD

Here are the presently scheduled dates and locations for future Annual Tech-

nical Conferences of the AREA, all at the Palmer House, Chicago.

1975—March 18-20

1976—March 22-24

The next Regional Meeting of the Association will be held on November 7

in the Hotel Muehlbach, Kansas City, Mo. Arrangements and planning for the

meeting are under the direction of AREA Director C. E. Weller, chief engineer,

Chicago, Rock Island & Pacific Railroad. The 1975 Regional Meeting will be held

at Vancouver, B. C, Canada.

As reported, our membership level remains high even though we experienced

a relatively small reduction; our financial situation remains sound; we have a mem-
bership that consists of the most knowledgeable people in their field. The railroad

industry is on an upsurge, and if the railroads are to improve, as they must, the

AREA is in a position to supply a large share of the essential technology. This it

can do if it is kept strong, active and efficient, which will require the support of its

officers, directors and members, and all railroad engineering and maintenance

officers.

Respectfully submitted,

Earl W. Hodgkins,

Executive Director and Secretary
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Beceaseb Jtlembera

J. V. Adams (M '48, L '73)
Retired Maintenance of Way Equipment Engineer, Penn Central Transportation Company,

Pittsburgh, Pa.

L. W. Anderson (M '68)
Maintenance Engineer, Burlington Northern, Inc., St. Paul, Minn.

R. S. Anderson (M '51)

Retired Assistant Division Engineer, Norfolk & Western Railway, Pittsburgh, Pa.

M. H. Beard (M '24, L '52)

Retired Assistant Division Engineer, Baltimore & Ohio Railroad, Akron, Ohio

C. M. Bell (M '66)

Chief Engineer, Norfolk & Portsmouth Belt Line Railroad, Norfolk, Va.

G. B. Blatt (M '55)

Retired Assistant Chief Engineer, Reading Company, Jenkintown, Pa.

H. C. Boley (M '57)

Valuation Engineer System, Atchison, Topeka & Santa Fe Railway, Topeka, Kan.

J. P. Chandler (M '58)

Railroad Construction Company, Memphis, Tenn.

E. E. Cress (M '42, L '67)
Retired Principal Research Engineer, Association of American Railroads, Springfield, 111.

A. P. Crosley (M '23, L '58)

Retired Engineer Maintenance of Way, Reading Company, Harleysville, Pa.

F. D. Danford (M '19, L '53)

Retired Assistant to Chief Engineer, Texas & Pacific Railway, Galveston, Tex.

W. E. Dowling (M '45)

System Bridge Engineer, Union Pacific Railroad, Omaha, Neb.

H. L. Engelhardt (M '29, L '60)

Retired Superintendent, Transportation Operations, Public Utilities Commission, Oakland, Calif.

V. C. Hankins (M '49, L '74)

Retired Assistant Director—Maintenance Planning, Burlington Northern, Inc., Renton, Wash.

W. F. Hart (M '49, L '74)
Retired Division Engineer, Union Pacific Railroad, Litchfield Park, Ariz.

J. A. Higgs (A '36, L '62)

Retired District Sales Manager, American Marietta Company, Atlanta, Ga.

J. F. HOLMBERG (M '54)

Retired Regional Engineer, Norfolk & Western Railway, Ferguson, Mo.

C. G. Johnson (M '73)

Manager—Administration, Western Weighing and Inspection Bureau, Chicago

W. J. Jones, Jr. (M '48)

Assistant Engineer Bridges and Buildings, Norfolk & Western Railway, St. Louis, Mo.

T. F. Kennedy, Jr. (A '62)

President, ESCO Equipment Service Company, Chicago

W. A. Kingman (M '25, L '54)

Retired Assistant Engineer, Atchison, Topeka & Santa Fe Railway, Topeka, Kan.
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H. N. Laden (M '65)
Assistant Vice President—Research, Chessie System, Baltimore, Md.

J. T. McAndrew (M '67)
Supervisor of Track, Lehigh Valley Railroad, Coxton, Pa.

,
J. R. McClennan, Jr. (J 73)

General Track Foreman for Special Track Projects, Union Pacific Railroad, Omaha, Neb.

C. O. Nuckolls (M '36, L '63)
Retired Chief Engineer, Sand Springs Railway, Sand Springs, Okla.

M. E. Parker (M '70)
Estimating Engineer, Western Pacific Railroad, San Francisco, Calif.

George Perko (M '56)
Division Engineer, Baltimore & Ohio Railroad, Dayton, Ohio

J. E. Perry (M '28, L '54)
Professor of Civil Engineering Emeritus, Cornell University, Ithaca, N. Y.

W. T. Richards (M '48, L '73)
Retired Engineer Maintenance of Way and Structures, Western Pacific Railroad,

Walnut Creek, Calif.

N. Rozema (A '28, L '67)

Retired Production Supervisor, Metal Products Division, Armco Steel Corp., Topeka, Kan.

C. E. R. Sherrington (M '46, L '71)

Retired Secretary, Railway Research Service, Surrey, England

L. H. Shles (A '64, L '73)

Consulting Engineer, DeKalb, 111.

G. L. Staley (M '22, L '58)

Retired Bridge Engineer, Missouri-Kansas-Texas Lines, St. Louis, Mo.

D. L. Stenberg (M '62)

Regional Engineer, Technical Services, Prairie Region, Canadian National Railways,
Winnipeg, Man.

B. S. Voorhees (M '22, L '53)
Retired Assistant to Chairman of the Board, American Railway Car Institute,

Yonkers, N. Y.

W. H. Wood (M '35, L '60)

Retired Assistant to Chief Engineer Maintenance of Way and Structures, Southern
Railway System, Jackson City, Tenn.

G. B. Woodruff (M '21, L '56)

Monterey, Calif.

J. D. Worthing (M '53)

Staff Engineer, DeLeuw Cather & Co., Chicago

W. L. Young (M '30, L '66)

Retired Resident Vice President, Norfolk & Western Railway, Norfolk, Va.
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Report of the Treasurer

December 31, 1973

To the Members:

Any year in which the year-end financial statement of a relatively small organ-

ization shows expenses $10,000 less than estimated at the start of the year can be

considered a good year—if its receipts are sufficient to cover those expenses. I am
pleased to report that both those conditions existed in the American Railway Engi-

neering Association at the end of 1973.

The expenditure side of the ledger showed nearly $10,000 less than estimated

expenditures; the receipts side of that ledger showed nearly $5,000 less than esti-

mated receipts—but over $1500 more than actual expenditures for the year. By any

standards, the United States Internal Revenue Service or good association practice,

this falls well within the allowable range of receipts over expenditures for an asso-

ciation or society organized under the not-for-profit laws. This is particularly im-

portant at this time when the IRS is taking a long, hard, and detailed look at tax-

exempt organizations. Executive Director Hodgkins has to keep this always in mind

in establishing the cost of AREA Publications, as well as negotiating contracts with

others to perform services for the Association.

So far as actual receipts are concerned, only two items varied significantly

from the estimates. Membership dues were down nearly $3000 and Bulletin adver-

tising was down about $2000. All of the other receipt items varied from estimates

only slightly. Those are: Sale of publications, shipping and handling charges on

publication sales, interest on investments, and 1973 Convention receipts.

So far as membership dues are concerned, all receipts for 1973 dues were

credited in 1973, except those paid after January 1, 1974. In fact, some members

have paid their 1973 dues as late as May 1974. Since their membership had auto-

matically been terminated on December 31, 1973, as required by the AREA Con-

stitution (and after four dues notices had been sent to them during the year),

it was necessary to reinstate their membership in the Association. We are hopeful

that AREA members will be more conscientious in the future regarding prompt

payment of their annual dues, which become due on January 1 of each year.

In disbursements for 1973 three items varied significantly from estimates. The

total of all wages and salaries was down about $1300. Printing of Association pub-

lications was down about $7000. Shipping expense was down about $1600. All of

the other expenditure items were close to estimates for the 1973 budget.

The AREA's financial depositories varied only to the extent of adding interest

from our relatively small savings account to supplement and protect our checking

account level. Its investments are in United States Bonds and Treasury Notes, which

mature periodically and are reinvested at the best rate of return for the period of

the investment.

Financially speaking, we had a good 1973, and in 1974 we have a balanced

budget. But, the help and support of all members and other interested parties are

necessary to make this year a success at least equal to the success enjoyed in 1973.

To this end your Board of Direction and staff solicit your active cooperation and

support.

Following is a Comparison of Receipts and Disbursements for the last 20 years,

the Financial Statement, a Statement of Assets, and the General Balance Sheet

for 1973.

A- B. Hillman, Jr., Treasurer
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COMPARISON OF RECEIPTS AND DISBURSEMENTS FOR THE LAST
20 YEARS

Receipts Disbursements Net Gain

1954 $ 85,748.99 $ 68,003.03 $17,745.96°

1955 80,177.21 73,923.18 6,254.03

1956 79,531.11 70,336.17 9,014.04

1957 85,429.31 89,830.57 4,401.26°

1958 81,454.56 77,348.92 4,105.64

1959 80,407.16 80,297.48 109.68

1960 81,138.79 83,978.29 2,839.50

1961 83,461.73 73,410.20 10,051.53

1962 76,097.28 87,344.12 11,246.84°

1963 73,653.48 66,156.99 7,496.49

1964 74,834.81 78,118.66 3,283.85°

1965 81,336.73 73,895.90 7,440.83

1966 84,590.91 80,454.00 4,136.91

1967 78,724.17 101,087.51 22,363.34°

1968 97,639.94 111,054.20 13,414.26°

1969 109,893.16 112,741.62 2,848.46°

1970 113,245.85 108,305.33 4,940.52

1971 113,756.51 116,003.93 2,247.42°

1972 128,208.01 125,534.70 2,673.31

1973 110,193.20 108,148.33 2,044.87

• Deficit.
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FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1973

Receipts

Balance on Hand January 1, 1973 (Bonds at Par Value) $123,363.23
Membership Account

Entrance Fees $ 1,395.00
Dues and Student Affiliate Fees 56,011.16

$ 57,406.16
Sale of Publications

Proceedings $ 1,473.50
Bulletins 3,862.59
Manuals 15,855.65
Track Plans 6,041.66
Specifications 2,117.55
Publication Shipping 2,321.22

$ 31,672.17
Advertising in Publications $ 7,898.98
Annual Meeting Registration Fees 5,952.49
Interest on Investments 5,875.00

Interest on Special Savings Account 512.02
Miscellaneous 876.38

$ 21,114.87

Total $110,193.20

Disbursements

Salaries and Wages $33,406.53
Bulletins and Proceedings 36,179.61

Stationery and Printing 4,324.04

Rent 1,140.00

Shipping Charges 4,671.36

Supplies 424.69

Pensions 3,152.28

Social Security and Insurance, Unemployment
Tax 2,595.82

Manuals 5,096.49

Refunds 496.04

Committee and Traveling Expenses 1,861.03

Newsletter 2,253.08

Telephone Expense 672.79

Track Plans 887.50

Professors Expense 3,701.41

Miscellaneous and Extraordinary 1,431.30

Annual Meeting 5,854.36

$108,148.33

Excess of Receipts over Disbursements 2,044.87

Balance on Hand December 31, 1973 $125,408.10
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STATEMENT OF ASSETS

Balance on Hand January 1, 1973 $123,363.23
Receipts $110,193.20
Paid Out on Vouchers 108,148.33
Excess of Receipts over Disbursements 2,044.87

Balance on Hand December 31, 1973 $125,408.10
Consisting of:

Bonds Adjusted to Par Value $112,000.00
Cash in Northern Trust Company 2,029.48

Cash in Special Deposit at Northern Trust Company . . 11,328.62

Petty Cash 50.00

Financial Assets with Bonds Adjusted to Par Value ($282.57) $125,408.10
Balance on Hand December 31, 1973 $125,408.10

GENERAL BALANCE SHEET—1973

Cash in Northern Trust Company $ 2,029.48

Cash in Special Deposit at Northern Trust Company . . 11,328.62

Petty Cash 50.00

Due from Advertising 90.98

"Prepaid Postage 625.51

Furniture and Fixtures 1,000.00

Inventories: $ 15,124.59

Bulletins $ 300.00

Proceedings 100.00

Manuals 7,211.14

Portfolio of Trackwork Plans 4,650.00

Other Publications 144.00

12,405.14

Investments $112,000.00 112,000.00

$139,529.73

Liabilities:

Members Dues Paid in Advance $ 651.17

Surplus 138,875.56

Total $139,529.73

"Prepaid Postage—Second Class deposit balance:

(1) Madison Post Office $ 150.00

Balance 12/31/73, Postage Meter 375.51

Postal Stamps 100.00

$ 625.51
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American Railway Engineering

Association

CONSTITUTION
Revised to February 8, 1974

Article I

Name, Object and Location

1. Name
The name of this Association shall be the AMERICAN RAILWAY ENGINEERING

ASSOCIATION.

2. Object

The object of the Association shall be the advancement of knowledge pertaining

to the scientific and economic location, construction, operation and maintenance of

railways.

3. Means to be Used

The means to be used for this purpose shall be:

(a) The investigation of matters pertaining to the object of the Association through

Study and Research Committees.

(b) Meeting for the presentation and discussion of papers, and for action on the

recommendations of committees.

(c) The publication of papers, reports and discussions.

4. Conclusions

The conclusions adopted by the Association shall be recommendatory.

5. Location

The office of the Association shall be located in Chicago, 111.

Article II

Membership

1. Classes

The membership of this Association shall be divided into five classes: Members,

Life Members, Honorary Members, Associates and Junior Members.

2. Qualifications

A. General

(a) An applicant to be eligible for membership in any class other than that of

Junior Member shall be not less than 25 years of age.

913
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(b) To be eligible for membership in any class, or for retention of membership as a

Member, an Associate or a Junior Member, a person shall not be engaged directly or

primarily in the sale to the railways of appliances, supplies, patents or patented services.

(c) The right to membership shall not be terminated by retirement from active

service.

(d) In determining the eligibility for membership in any class, graduation in engineer-

ing from a school of recognized standing shall be considered as equivalent to three years

of active practice, and satisfactory completion of each year of work in such school,

without graduation, shall be considered as equivalent to one-half year of active practice.

(e) In determining the eligibility for Member under Section B (a) of this Article,

each year of practical experience in engineering, or in science related thereof, prior to

employment on a railway, if such experience were of the same specialized character as

the current work of the applicant, shall be considered as equivalent to one year of

railway service.

B. Member

A Member shall be:

(a) A railway engineer or officer who has had not less than five years' experience

in the location, construction, operation or maintenance of railways and who is employed

by a common-carrier railway corporation, by an approved association of railroads or

railway engineers or officers, or by a non-common-carrier railway if primary duties

consist entirely or primarily of the location, construction, operation or maintenance of

a railway plant and facilities.

(b) A dean, professor, assistant professor, or equivalent in engineering in a university

or college of recognized standing, or an instructor or equivalent in such university or

college, who, with an engineering degree, has had at least two years' experience in

teaching engineering.

(c) An engineer or member of a public board, commission or other official agency

who, in the discharge of regular duties, deals with railway problems.

(d) An editor of a trade or technical magazine who, in the discharge of regular

duties, deals with railway problems, and who has had the equivalent of five years'

engineering or railway experience.

(e) A consulting engineer or contractor, or an engineer in their employ, engaged in

the engineering, construction and maintenance of railroad-related facilities or an engineer

employed by a technical service or research and development organization who has had

the equivalent of five years' engineering experience.

(f) An officer or engineer of an engineering or scientific society or association

whose aims and objectives are compatible with the aims and objectives of this

association.

C. Lite Member

A Life Member shall be a Past President of the Association who has been retired

under a recognized retirement plan, or a Member or an Associate who has paid dues

for 35 years or who has been retired under a recognized retirement plan and has paid

dues for not less than 25 years.

D. Honorary Member

(a) An Honorary Member shall be a person of acknowledged eminence in railways

engineering or management.

(b) The number of Honorary Members shall be limited to ten,
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E. Associate

An Associate shall be:

(a) A member of a railway supply company or association who meets the qualifica-

tions of Section 2, Paragraph A (a) and (b).

(b) A person qualified by training and experience to cooperate with Members in the

object of this Association, but who is not qualified to become a Member.

F. Junior Member

(a) A Junior Member shall be not less than 21 years of age, shall have had not

less than three years' experience in the location, construction, operation or maintenance

of railways, and shall be an employee of a railway corporation, or one of the organiza-

tions or institutions listed under Section B of this Article, or a railway supply company

if qualified under Section 2, Paragraph A (b) of this Article.

(b) Membership in this classification in the Association shall terminate at the end

of the calendar year in which individual becomes 30 years of age.

(c) A Junior Member may make application for membership in another grade at

any time when eligible to do so.

3. Transfers

The Board of Direction shall transfer from one class of membership to another,

or may remove from membership, any person whose qualifications so change as to

warrant such action.

4. Rights

(a) Members, and Life Members who were formerly Members, shall have all the

rights and privileges of the Association. Life Members who were formerly Associates

shall continue to have all the rights and privileges of Associates.

(b) Honorary Members shall have all the rights and privileges of the Association

except those of holding elective office, provided, however, that Members or Life Members

who are elected Honorary Members shall retain all the rights and privileges of the

Association.

(c) Associates and Junior Members shall have all the rights and privileges of the

Association except those of voting and holding elective office.

Article III

Admission, Resignation, Expulsion and Reinstatement

1. Charter Membership

The Charter Membership of this Association consisted of all persons elected to

membership before March 15, 1900.

2. Application for Membership

(a) A person desirous of membership in this Association shall make application

upon the form provided by the Board of Direction. In the event that Junior Membership

is desired, the applicant shall so state.

(b) The applicant shall give the names of at least three Members of this Asso-

ciation to whom personally known. Each of these Members shall be requested to certify

to a personal knowledge of the applicant with an opinion of the applicant's qualifications

for membership.
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(c) If an applicant is not personally known to as many as three Members of this

Association, the names of well-known persons engaged in railway or allied professional

work to whom the applicant is personally known shall be substituted, as necessary, to

provide a total of at least three references. Each of these persons shall be requested

to certify to a personal knowledge of the applicant, with an opinion of the applicant's

qualifications for membership.

(d) No further action shall be taken upon the application until replies have been

received from at least three of the persons named by the applicant as references.

3. Election to Membership

(a) Upon completion of the application in accordance with Section 2 of ihis Article

the Board of Direction through its Membership Committee shall consider the application

and make such investigation as it may consider desirable or necessary.

(b) Upon completion of such consideration and investigation, each member of the

Board of Direction shall be supplied with the required information, together with the

recommendation of the Membership Committee as to the class of membership, if any,

to which the applicant is eligible, and the admission of the applicant shall be canvassed by

ballot among the members of the Board of Direction.

(c) In the event that an application has been made under the provisions of Section

2, Paragraphs (a) and (b) of this Article, a two-thirds affirmative vote of the entire

Board of Direction shall be required for election.

(d) In the event that an application has been made under the provision of Section

2, Paragraphs (a) and (c) of the Article, a unanimous affirmative vote of the entire

Board of Direction shall be required for election.

4. Subscription to the Constitution

An applicant for any class of membership in this Association shall declare willing-

ness to abide by the Constitution of the Association in the application for membership.

5. Honorary Member

A proposal for Honorary Membership shall be endorsed by ten or more Members

of the Association and a copy furnished each member of the Board of Direction. The

nominee shall be declared an Honorary Member upon receiving a unanimous vote of the

entire Board of Direction.

6. Resignation

The Board of Direction shall accept the resignation, tendered in writing, of any

person holding membership in the Association whose obligations to the Association have

been fulfilled.

7. Expulsion

Charges of misconduct on the part of anyone holding membership in this Association,

if in writing and signed by ten or more Members, may be submitted to the Board of

Direction for examination and action. If, in the opinion of the Board action is war-

ranted, the person complained of shall be served with a copy of such charges and shall

be given an opportunity to answer them to the Board of Direction. After such oppor-

tunity has been given, the Board of Direction shall take final action. A two-thirds

affirmative vote of the entire Board of Direction shall be required for expulsion.
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8. Reinstatement

(a) A person having been a Member, an Associate or a Junior Member of this

Association and having resigned such membership while in good standing may be

reinstated by a two-thirds affirmative vote of the entire Board of Direction.

(b) A person having been a Member, an Associate or a Junior Member of this

Association and having forfeited membership under the provisions of Article IV, Section

3, may, upon such conditions as may be fixed by the Board, be reinstated by a two-thirds

affirmative vote of the entire Board of Direction.

Article IV

Dues

1. Entrance Fee

(a) An entrance fee of $10 shall be payable to the Association with each application

for membership other than Junior Membership. This sum shall be returned to an applicant

not elected.

(b) An entrance fee of $5 shall be payable to the Association with each application

for Junior Member, which sum shall be returned to an applicant not elected. When a

Junior Member transfers to the Member or Associate Member class the previously paid

$5 entrance fee shall be credited towards the entrance fee for the class to which trans-

ferring. However, the Junior Member entrance fee shall not be returnable should the

individual resign from the Association or allow membership to lapse. Neither shall

it be applicable to the dues for any year.

2. Annual Dues

(a) The annual dues for each Member and each Associate shall be $20.

(b) The annual dues for each Junior Member shall be $7.50.

(c) Life Members and Honorary Members shall be exempt from the payment of

dues. Life Members desiring to continue to receive the Bulletins and Proceedings of the

Association may do so by paying a subscription fee prescribed by the Board of Direction

3. Arrears

A person whose dues are not paid before April 1 of the current year shall be notified

by the Executive Officer-Secretary. If the dues are still unpaid on July 1, further notice

shall be given, informing the person that he or she is not in good standing in the

Association. If the dues remain unpaid by October 1, the person shall be notified that

he or she will no longer receive the publications of the Association. If the dues are not

paid by December 31, the person shall forfeit membership without further action or

notice, except as provided for in Section 4 of this Article.

4. Remission of Dues

The Board of Direction may extend the time of payment of dues, and may remit

the dues of any Member, Associate or Junior Member who, for good reason, is unable

to pay them.

Article V

Officers

1. Officers

(a) The officers of the Association shall be a President, two Vice Presidents,

two Past Presidents, twelve Directors, an Executive Officer-Secretary, and a Treasurer.
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(b) The President, the Vice Presidents, the Directors and the two Past Presidents

on the Board of Direction shall be Members and shall act as the trustees and have the

custody of all property belonging to the Association.

(c) The Executive Officer-Secretary and the Treasurer shall be appointed by the

Board of Direction.

2. Term of Office

The term of office of the President shall be one year, of the Vice Presidents two

years and of the Directors three years. The term of each shall begin at the close of

the annual technical conference at which elected and continue until a successor is

qualified. All other officers and employees shall hold office or position at the pleasure

of the Board of Direction.

3. Officers Elected Annually

(a) There shall be elected prior to or at each annual technical conference a Presi-

dent, one Vice President and four Directors.

(b) The candidates for President and for Vice President shall be selected from

the members or past members of the Board of Direction.

4. Conditions of Re-election of Officers

A President shall be ineligible for re-election, except as provided for in Section 5 (e)

of this Article. Vice Presidents and Directors shall be ineligible for re-election to the same

office, except as provided for in Section 5 (e) of this Article, until, at least one full

term has elapsed after the end of their respective terms.

5. Vacancies in Offices

(a) If a vacancy should occur in the office of President, as set forth in Section 6

of this Article, the senior Vice President shall immediately and automatically become

President for the unexpired term.

(b) If a vacancy should occur in the office of the senior Vice President, due to

advancement under Section 5 (a) of this Article, or for reasons set forth in Section 6

of this Article, the junior Vice President shall automatically become senior Vice President

for the unexpired term.

(c) If a vacancy should occur in the office of the junior Vice President, due to

advancement under Section 5 (b) of this Article, or for reasons set forth in Section 6

of this Article, the Board of Direction shall by the affirmative vote of two-thirds of its

entire membership, select a junior Vice President from the members or past members

of the Board of Directioa

(d) A vacancy in the office of Director, due to advancement of a Director to junior

Vice President under Section 5 (c) of this Article, or for reasons set forth in Section 6

of this Article, shall be filled by the Board of Direction by the affirmative vote of

two-thirds of its entire membership

(e) An incumbent in any office for an unexpired term shall be eligible for re-election

to the office held; provided, however, that anyone selected to fill a vacancy as Director

shall be eligible for election to that office, excepting that such appointee filling out an

unexpired term of two years or more shall be considered as coming within the provisions

of Section 4 of this Article.
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6. Vacation of Office

(a) In the event of the death of an elected officer, or resignation from office, or

if the officer should cease to be a Member of the Association as provided in Section 2

(B), Article II; Section 6 or 7, Article III; or Section 3, Article IV, the office shall be

considered as vacated,

(b) In the event of the disability of an officer or neglect in the performance of duty

by an officer, the Board of Direction, by the affirmative vote of two-thirds of its entire

membership shall have the power to declare the office vacant.

Article VI

Nomination and Election of Officers

1. Nominating Committee

(a) There shall be a Nominating Committee composed of the five latest living Past

Presidents of the Association, who are Members, and five Members who are not

officers.

(b) The five Members who are not Past Presidents shall be elected annually for a

term of one year, when the officers of the Association are elected.

(c) The senior Past President who is a member of the committee shall be the

chairman of the committee. In the absence of the senior Past President from a meeting

of the committee the Past President next in seniority present shall act as chairman.

(d) If one or more Past Presidents are unable to act as members of the committee

through disability, the President shall have the authority to appoint an equivalent num-

ber of eligible next senior Past Presidents to the committee as ordinary members.

(e) If one or more elected members of the committee are unable to act, through

death or disability, the President shall have the authority to appoint as replacements an

equivalent number of the senior unsuccessful candidates for election to the committee.

2. Method of Nominating

(a) At least three months prior to the annual technical conference, the Chairman

shall call a meeting of the committee at a convenient place, at which nominees for the

several elective offices shall be selected as follows:

Number of Candi-
Number of Candi- dates to be

dates to be named elected at the

by the Nominating A nnual Election

Office to be Filled Committee of Officers

President 1 1

Vice President 1 1

Directors 8 4

Nominating Committee 10 5

(b) The nominations for Director shall maintain the territorial balance prescribed

in Article VII, Section 1, Paragraph (b), to the maximum extent practicable. In this

connection, the nominations for Director shall be predicated, insofar as practicable, on

the following three-year repeating pattern of Director positions to ensure adequate

territorial distribution:
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First Year Second Year Third Year

East—

2

East—

1

East—

1

South—

1

West—

2

South—

1

West—

1

Canada—

1

West—

2

Nominations in any one year shall be double the number of positions available for

each district that year, with the nominations listed separately by districts.

(c) The elected members of the Nominating Committee each year shall include

one from each district represented on the Board of Direction and one at-large member.
Nominations in any year shall be double the number of positions available for each

district, with the nominations listed separately by districts.

(d) The Chairman of the Nominating Committee shall send the names of the

nominees to the President and Executive Officer-Secretary within IS days after the

meeting of the Nominating Committee, and the Executive Officer-Secretary shall report

the names of these nominees to the members of the Association not less than 60 days

prior to the annual technical conference.

(e) At any time prior to 30 days before the annual meeting of the Nominating Com-
mittee, any ten or more Members may send to the Executive Officer-Secretary nomina-

tions for any elective office for the ensuing year for consideration by the Nominating

Committee, signed by such Members.

(f) If any person nominated shall be found by the Board of Direction to be

ineligible for the office for which nominated, or should a nominee decline such nomina-
tion, the name shall be withdrawn. The Board of Direction may fill any vacancies that

may occur in the list of nominees up to the time the ballots are sent out.

3. Ballots Issued

Not less than 60 days prior to each annual technical conference, the Executive

Officer-Secretary shall issue a ballot to each voting Member of record who has paid

dues to or beyond December 31 of the previous year, listing by districts the several

candidates to be voted upon. When there is more than one candidate for any office,

the names shall be arranged on the ballot in the order within each district that shall

be determined by lot by the Nominating Committee. The ballot shall be accompanied

by a statement giving for each candidate his or her record of membership and activities

in the Association.

4. Substitution of Names
Members may remove names from the printed ballot list and may substitute the name

or names of any other person or persons eligible for any office, but the number of names

voted for each office on the ballot must not exceed the number to be elected at that

time to such office.

5. Ballots

(a) Ballots shall be placed in an envelope, sealed and endorsed with the name of

the voter, and mailed to or deposited with the Executive Officer-Secretary at any time

previous to the closure of the polls.

(b) A voter may have the privilege of withdrawing his ballot, for the purposes

of casting another, or otherwise, at any time up to ten working days prior to the

closure of the polls. After that date, no ballot shall be subject to withdrawal or

revision.

(c) Ballots received in unendorsed envelopes, or from persons not qualified to vote,

shall not be counted.
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(d) The ballots and envelopes shall be preserved for not less than ten days after

the vote is canvassed.

6. Closure of Polls

The polls shall be closed at 12 o'clock noon at least 30 days, but not more than

45 days, prior to the first day of the annual technical conference. The ballots shall be

counted soon thereafter by tellers appointed by the President of the Association.

7. Election

(a) The persons who shall receive the highest number of votes for the offices for

which they are candidates shall be declared elected.

(b) In case of a tie between two or more candidates for the same office, the

Members present at the annual technical conference shall elect the officer by ballot from

the candidates so tied

(c) The presiding officer shall announce at the annual technical conference the

names of the officers elected in accordance with this Article.

Article VII

Management

1. Board of Direction

(a) The Board of Direction shall be the governing body of the Association and

shall manage the affairs of the Association in accordance with the Constitution of

the Association, and shall have full power to control and regulate all matters not other-

wise provided for in the Constitution. It shall be composed of seventeen Members of

the Association, and shall include the President and two Vice Presidents of the Asso-

ciation, the two living junior Past Presidents, and twelve elected Directors. The nomina-

tion and election of the Officers and Directors shall be in accordance with the procedures

set forth in Article VI herein.

(b) Furthermore, the membership shall, insofar as possible, include proportional

representation from the territorial divisions contained in the "List of Principal Railroads

Showing Allocation to Geographical Groups" (published in the current issue of The

Official Railway Equipment Register).

Accordingly, the twelve Directors shall be elected in accordance with Article VI,

Section 2, to fit, insofar as possible, the following general plan for territorial

representation:

Four from the Eastern District; two from the Southern District; five from the

Western District, including the Northwestern, Central Western and Southwestern Dis-

tricts; and one from Canada.

(c) The President and two Vice Presidents of the Association and the two Past

Presidents on the Board of Direction shall be at-large members of the Board.

(d) Vacancies occurring in Director positions prior to normal expiration of term

of office shall be filled by the Board, insofar as possible, from the district represented

by the previous incumbent

(e) The Board of Direction shall meet within thirty days after each annual tech-

nical conference, and at such other times as the President may direct. Special meetings

shall be called on request, in writing, of five members of the Board of Direction.

(f) Seven members of the Board of Direction shall constitute a quorum.
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2. Executive Committee

(a) An Executive Committee of the Board of Direction shall be constituted

annually and shall consist of the President and two Vice Presidents of the Association

and the two Past Presidents on the Board of Direction. The Executive Committee shall

be subject to confirmation of the Board of Direction each year at the first meeting of

the Board following the Convention. The President of the Association shall be the

chairman of the Executive Committee.

(b) The Executive Committee shall possess and may exercise during intervals

between meetings of the Board, all of the powers of the Board on matters which in the

judgment of a majority of the Executive Committee cannot properly be delayed until

the next meeting of the Board. Actions of the Executive Committee shall be authorized

by a concurring majority of its full membership and shall be reported to the Board of

Direction at its next meeting

(c) The Executive Committee may be dissolved at any time by action of a majority

of the full membership of the Board of Direction. Following such dissolution, the Execu-

tive Committee may be re-created with personnel different than prescribed in Paragraph

(a) herein at any time prior to the annual technical conference by action of a majority

of the full membership of the Board. However, if the Executive Committee is not

re-created prior to the next annual technical conference it automatically shall come

under the provision of Paragraph (a) herein unless the Board of Direction decrees

otherwise.

3. President

The President shall have general supervision of the affairs of the Association, shall

preside at meetings of the Association, the Board of Direction and the Executive Com-

mittee of the Board of Direction, and, by virtue of his office, shall be a member of all

committees, except the Nominating Committee.

4. Vice Presidents

The Vice Presidents, in order of seniority, shall preside at meetings in the absence

of the President.

5. Treasurer

The Treasurer shall pay all bills of the Association when properly certified by the

Executive Officer-Secretary and approved by the Finance Committee. He shall make
an annual report as to the financial condition of the Association and such other reports

as may be called for by the Board of Direction.

6. Executive Officer-Secretary

The Executive Officer-Secretary of the Association shall be appointed by the Board

of Direction to manage the affairs of the Association under the direction of the Presi-

dent and the Board of Direction. This officer shall use the title "Executive Director,''

or such other title as the Board of Direction may direct, except that on legal papers or

on other documents, at his or her discretion, the title "Secretary" shall be used. This

officer shall serve as secretary of the Board of Direction and of the Executive Committee

of the Board of Direction.

The Executive Officer-Secretary shall attend the meetings of the Association, the

Board of Direction, and the Executive Committee of the Board of Direction, prepare

the business therefor, and record the proceedings thereof. Furthermore, this officer shall

see that all money due the Association is collected, is credited to the proper accounts,

and is deposited in the designated depository of the Association, with receipt to the
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Treasurer therefor. This officer shall personally certify to the accuracy of all bills and

vouchers on which money is to be paid. In addition, shall invest all funds of the Asso-

ciation not needed for current disbursements, as shall be recommended by the Finance

Committee of the Board of Direction and approved by the Board of Direction, with

notification to the Treasurer of such investments.

The Executive Officer-Secretary shall be responsible for the handling of the cor-

respondence of the Association, shall make an annual report to the Association, shall

have direct charge of the property and quarters of the Association, shall direct the work
of the secretaries, assistant secretaries and other employees of the Association, and shall

perform such other duties as the Board of Direction may prescribe.

7. Auditing of Accounts

The financial accounts of the Association shall be audited annually by an accountant

or accountants approved by and under the direction of the Finance Committee.

8. Administrative Committees

At the first meeting of the Board of Direction after the annual technical conference,

the following Administrative Committees, each consisting of not less than three members,

shall be appointed by the President. The personnel of these committees shall be subject

to approval by the Board of Direction.

Finance

Membership

Publications

Research

Technical Activity

Conference Program

Other special Administrative Committees may be appointed by the President at

any time, and reappointed annually, if necessary, their personnel being subject to

approval by the Board of Direction.

Membership on Administrative Committees shall be restricted to members of the

Board of Direction, except that one or two members of the Administrative Committee

on Research may be past members of the Board of Direction.

9. Study and Research Committees

The Board of Direction may establish continuing or special Study and Research

Committees to investigate, consider, and report upon subjects appropriate to the object

of the Association, as set forth in Art. I.

10. Duties of Administrative Committees

(a) Finance

The Finance Committee shall have immediate supervision of the accounts and
financial affairs of the Association; shall approve all bills before payment, and shall

make recommendations to the Board of Direction as to the investment of funds and
other financial matters. The Finance Committee shall not have the power to incur

debts or other obligations binding the Association, nor authorize the payment of money
other than the amounts necessary to meet ordinary current expenses of the Association,

except by authority of the Board of Direction.

(b) Membership

The Membership Committee shall investigate applicants for membership and shall

make recommendations to the Board of Direction with reference thereto.
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(c) Publications

The Publications Committee shall have general supervision over the publications

of the Association, including the Manual and the Portfolio. The Publications Commit-

tee shall not have the power to incur debts or other obligations binding the Associa-

tion, nor authorize the payment of money except by authority of the Board of

Direction.

(d) Research

The Research Committee shall encourage and coordinate the research activities of

the Association, in the course of accomplishment of which it shall review and pass

upon the recommendations of Study and Research Committees for research projects and

shall report thereon to the Board of Direction, recommending for approval specific

projects initiated by these committees or by the Research Committee and recommending

allotments of funds for these projects in the research budget of the Association of

American Railroads or from other sources compatible therewith; shall collaborate closely

with the research staff of the Association of American Railroads and other organiza-

tions; and when called upon by the Vice President—Research or the Vice President-

Operations and Maintenance of that association, members of the Research Committee

shall engage in the activities of advisory committees or groups of that organization and

shall report from time to time to the Board of Direction on those activities.

(e) Technical Activity

The Technical Activity Committee shall monitor and give direction to the activities

of Association Study and Research Committees, and review the activity of the person-

nel assigned thereto. It shall review and pass upon the recommendations of those com-

mittees for subjects to be investigated, considered, and reported on by those commit-

tees during the ensuing Association year, and shall report thereon to the Board of Direc-

tion for its approval. The Technical Activity Committee shall have authority to assign

additional subjects or change the scope of any existing subjects at any time during the

year, reporting its action thereon to the Board at its next regular meeting.

This Committee also shall review and pass upon applications of members for

appointment to Study and Research Committees, and shall appoint the chairman and

vice chairman of each such committee and make a report thereon to the Board of

Direction for its approval. Should an unexpected vacancy in the chairmanship or vice

chairmanship of any such committee occur, the Technical Activity Committee shall have

authority to fill such vacancy immediately, reporting its action thereon to the Board

at its next regular meeting.

(f) Conference Program

The Conference Program Committee shall develop the program of the annual tech-

nical conference with the assistance of the Study and Research Committees, the Board

of Direction, the Executive Officer-Secretary, and others.

11. Special Committees

The Board of Direction may appoint special committees to examine into and report

upon any subject connected with the objects of this Association.

12. Discussion by Non-Members

The Board of Direction may invite discussions of reports from persons not members

of the Association.

13. Sanction of Act of Board of Direction

An act of the Board of Direction which shall have received the expressed or implied
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sanction of the membership at the next annual technical conference of the Association

shall be deemed to be the act of the Association.

Article VIII

Meetings

1. Annual Technical Conference

(a) The Annual Technical Conference of the Association shall be held in the City

of Chicago, 111., or in such other city as may be determined by the affirmative vote

of two-thirds of the entire membership of the Board of Direction. The technical con-

ference in any year shall be held on dates determined by the affirmative vote of two-

thirds of the entire membership of the Board of Direction.

(b) The Executive Officer-Secretary shall notify all members of the Association

of the time and place of the annual technical conference at least 30 days in advance

thereof.

(c) The order of business at the annual technical conference of the Association

shall be:

Address of the President

Reports of the Executive Officer-Secretary and the Treasurer

Committee and other presentations

Unfinished business

New business

Installation of officers

Adjournment

(d) This order of business may be changed by the presiding officer.

(e) The proceedings shall be governed by "Robert's Rules of Order" except as

otherwise herein provided.

(f) Discussions shall be limited to Members and to those others invited by the

presiding officer to speak.

2. Special Meetings

Special meetings of the Associations may be called by the Board of Directions on its

own initiative, and may be so called by the Board of Direction upon written request

of 100 Members. The request shall state the purpose of such meeting.

The call for such special meeting shall be issued not less than ten days in advance

of the proposed date of such meeting and shall state the purpose and place of the

meeting. No other business shall be taken up at such meeting.

3. Quorum
Twenty-five Members shall constitute a quorum at all meetings of the Association.

Article IX

Amendment
1. Amendment

Amendment of this Constitution may be proposed by written petition signed by

not less than ten Members of the Association, and shall be acted upon in the following

manner:

The proposed amendment shall be presented to the Executive Officer-Secretary who
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shall send a copy to each member of the Board of Direction as soon as received. If a

majority of the entire Board of Direction so votes, the matter shall be submitted to

the voting members of the Association by letter ballot.

Amendment to the Constitution also may be proposed by majority affirmative vote

of the entire Board of Direction, and the proposed amendment then submitted to the

voting members of the Association by letter ballot.

Sixty days after the date of issue of the letter ballot, the Board of Direction shall

canvass the ballots which have been received, and if two-thirds of such ballots are in

the affirmative the amendment shall be declared adopted and shall become effective

immediately. The result of the letter ballot shall be announced to members of the

Association.

i
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684—address on by H. R. Jekel, 699—annual renewal statistics, 133—application of anti-splitting devices, 391—application of specifications, 385—coatings for, specifications, 392—dating nails for, specifications, 389—design, explanation of, 385—devices to control splitting of, 390—handling of from tree into track, 404—machining of, specifications, 386—marking, 385—methods of handling and installing, Manual
recommendations, 184—optimum size and spacing, Manual recom-
mendations, 176—size of holes bored for spikes, 387—service tests and economics, 398—specifications, 380—substitutes for, 402

Timber, hardwood, resources in the United
States, address on by Dwight Hair, 812

Timber Trestles, committee report, 557
Track, committee report, 667—tangent, minimum length required between

reverse curves, 670
Track construction and maintenance, equip-

ment for Manual recommendations, 191—methods, Manual recommendations, 191
Track material, proper use of, Manual recom-

mendations, 188—reclamation. Manual recommendations, 191
Track-train dynamics, report on bv C. W.

Parker, 861
Track stability, means and methods to increase,

address on by Dr. K. H. Riessberger,
797

Train accidents, economic evaluation of meth-
ods for reducing probability of, 568

Transportation service, improving quality of,

564
Treasurer, report of, 907
Tunnel boring machines, address on by T. C.

Macnabb, 779

Tunnel construction and maintenance, Manual
recommendations, 196

Tunnel liner plates, steel, specifications for.

Manual recommendations, 201

— V
program for,Vegetation control, executing

535—preparing a program for, 528—terminology, 526
Veterans, military, manpower and employment

service programs for, address by R. J.

Brown, 751

-W—
Washington Metropolitan Area Transit System,

report on, 578
Waterproofing, membrane, specification revi-

sions, 477
Way, G. H., address, "Cross Ties—Where Do

We Go from Here," presented at Phila-

delphia Regional Meeting, 684
Welding, electric arc, heat treated rails as

produced by Bethlehem Steel Corp., 485—service damaged USS Curvemaster rails, 482
Wood preservatives, acid copper chromate

(ACC), specifications, 429—ammoniacal copper arsenite ( ACA ) , specifi-

cations, 422—chromated copper arsenate Type A (CCA
Type A), specifications, 430

—chromated copper arsenate Type B (CCA
Type B), specifications, 431—chromated copper arsenate Type C (CCA
Type C), specifications, 432—chromated zinc chloride (CZC), specifica-

tions, 432—coal tar creosote for treatment of marine
piles and timbers, specifications, 425

—copper naphthenate, specifications, 426
—creosote, specifications, 422
—creosote, methods of testing properties, vol-

ume, penetration and quantity, and of

measuring and sampling, 434
—creosote coal-tar solutions, specifications, 423
—creosote coal-tar solutions for treatment of

marine piles and timbers, specifications,

424—creosote-petroleum solution, specifications,

425—fluor chrome arsenate phenol (FCAP),
specifications, 433—hydrocarbon solvent, Tvpe A, specifications,

427—hvdrocarbon solvent, Type B, specifications,
' 428—hydrocarbon solvent, Type C, specifications,

429—pH of treating solution, specifications, 434
—pentachlorophenol, specifications, 426
—petroleum for blending with creosote, spec-

ifications, 425—solubilized copper-8-quinolate, specifications,

427
Wood preserving, fundamentals, 416
—specifications, 444
Work equipment, maintenance of way, pro-

posed minimum information about for

manufacturers to give in brochures, 522
Wynand, J. W., address, "Long-Span Glued-

Laminated Railroad Bridges," 748

— Y—
Yards, security and protective measures in,

609—classification, effect of approach grades and
vertical curves on hump gradient design,

606
Yards and Terminals, committee report, 605





DIRECTORY
CONSULTING ENGINEERS

FRANK R. WOOLFORD

Engineering Consultant—Railroads

24 Josepha Ave.

San Francisco, Ca. 94132

(415) 587-1569

246 Seadrift Rd.

Stinson Beach, Ca. 94970

(415) 868-1555

w Westenhoff & Novick, Inc.

Consulting Engineers

Civil—Mechanical—Electrical

Fixed & Movable Bridget

Soils, Foundations, Buildings

Structural & Underwater Investigations

Planning, Feasibility, Design, Inspection

222 W. Adams St., Chicago, III. 60606

New York Washington Panama

HAZELET & ERDAL

Consulting Engineers

Design Investigations Reports

Fixed and Movable Bridges

150 So. Wacker Dr., Chicago, III. 60606

Louisville Cincinnati Washington

Feasibility studies and design services for

Bus and rail transit Terminals

Regional and urban planning Parking

Soils and foundations Tunnels

Structures Utilities

Environmental impact studies

Offices in 22 cities 816 474-4900
1805 Grand Avenue, Kansas City,

Mo. 64108

W KIRKHAM
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MODJESKI AND MASTERS
Consulting Engineers

Design, Inspection of Construction & In-

spection of Physical Condition of Fixed

& Movable Railroad Bridges

P.O. Box 2345, Harrisborg, Pa. 17105

1055 St. Charles Ave., New Orleans, La.

HARDESTY & HANOVER
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<§»
Engineers

Designers Planners

PARSONS
BRINCKERHOFF

QUADE
DOUGLAS

Route Location, Shop
Facilities, Container/
Bulk Cargo, Handling
Utilities, Bridges, Tun-
nels, Evaluations, Ap-
praisals, Supervision

ONE PENN PLAZA, NEW YORK, NY 10001

Boston , Denver
San Francisco

. Honolulu
Trenton

RALPH WHITEHEAD

& ASSOCIATES

Consulting Engineers

Bridges, Buildings, Highways,

Railroads, Airports

1945 RANDOLPH ROAD

CHARLOTTE, NORTH CAROLINA 28207

R.W.BOOKER
S. associates, iimc.

ENGINEERS ARCHITECTS PLANNERS

1139 OLIVE ST. ST. LOUIS, MISSOURI 63101

LEXINGTON, KENTUCKY FORT WORTHJEXAS

I
Mil* PORTER AND RIPA

ASSOCIATES, INC.

ENGINEERING • PLANNING ARCHITECTURE

Design • Inspections • Reports

Planning • Structures

Environmental Studies

209 Madison Avenue, Morristown, New Jersey 97JS0

SVERDRUP & PARCEL AND ASSOCIATES, INC.

800 No. Twelfth Blvd. St. Louis, Mo. 63101

• DESIGN

• PLANNING

CONSTRUCTION
MANAGEMENT

Boston, Charleston, Gainesville, Jacksonville,

Nashville, New York, Phoenix,

San Francisco, Seattle, Washington, D.C.

CONSULTING ENGINEERS

SOROS ASSOCIATES
Consulting Engineers

Transfer Terminals & Ports For Dry Bulks,
Liquids & Containers—Waterfront Structures

Materials Handling Systems

575 Lexington Ave.

New York, N. Y. 10022

(212) 421-0400

Rio de Janeiro Santiago, Chile

Sydney, Australia
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R. G. "SLIM" SIMMONS

Railroad Consultant

3009 George St. 30 Jackson St.

Franklin Park, III. 60131 Denver, Colo. 80206

(312) 678-7321 (303) 321-0902

THE KEN R. WHITE COMPANY
TOTAL CONCEPT

ENGINEERING SERVICE
BRIDGES-FOUNDATIONS
ENVIRONMENTAL STUDIES
FEASIBILITY STUDIES
PHOTOGRAMMETRY-MAPPING
PLANN1NG-INDUSTRIAL PARK
RELOCATIONS
TRANSPORTATION

3955 E. Exposition Avenue

Denver, Colorado 80209

Phone (303) 744-1861

ENA • PHOENIX • ATLANTA •MIAMI .HONOLULU

McCormick,|Taylor and Associates, Inc.

Consulting Engineers

Structural • Transportation

Public Works • Support Service

351 E. Conestoga Rd. Suburban Station Bidg.

Strafford, Pa. 19087 Philadelphia, Pa. 19103

(215) 687-6311 (215) LO 9-2400



GOOD TRACK
GOOD SERVICE

CP My

Chesste System^

COAST TOVCOAST.
Let Speno show you the way to get significantly

more ton miles of service from your rails. Send
for FREE Booklets on Speno Ballast Cleaning
and Speno Rail Grinding.

Ballast Cleaning • Rail Grinding
"JuAt Auk tJt&TtWwaiiTta^ Va& OuhQmnm

Frank Speno Railroad Ballast Cleaning Company, Inc.

306 North Cayuga St., Ithaca, New York 14850

Clark St., Box 219 East Syracuse, New York 13057

Speno International, S. A. »*»» lEC-Hoiden Ltd.

22 Pare Chateau Banquet, Geneva, Switzerland Kfzi 8180 Cote de Liesse Road..

(For Rail Grinding Outside the North American Continent) jfsBj'X Montreal, 376 P. Q-, Canada



TRASCO Track Skates

Preferred by skatemen
Light
Tough
Balanced hand hold

No curl tongue

TRACK SPECIALTIES
COMPANY

Box729 Westport ,Conn

.






